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PREFACE. 


A  LTHOUGH  many  books  have  been  written  on  the  subject 
-^  of  dynamo-electric  machinery,  yet,  so  far  as  the  authors  are 
aware,  none  have  yet  appeared  that  have  been  devoted  entirely 
to  American  types  of  machines  ;  or,  at  least,  none  in  which  these 
have  been  treated  from  an  entirely  practical  standpoint,  with 
copious  illustrations,  enabling  the  reader  to  form  precise  ideas 
concerning  the  exact  appearance,  function,  and  behavior  of 
American  machines. 

It  is  in  view  of  this  fact  that  the  authors  havjB  been  persuaded 
to  prepare,  as  one  of  the  volumes  of  ''  The  International  Electri- 
cal Library,"  the  volume  entitled  '*  Recent  Types  of  Dynamo- 
Electric  Machinery.^' 

It  has  not  been  the  object  of  the  authors  to  prepare  a  treatise 
concerning  the  principles  of  dynamo-electric  machinery,  or  the 
theory  of  its  operation,  but  rather  a  descriptive  treatise  of  the 
various  types  of  machines  made  by  different  manufacturers,  with 
their  sizes,  data,  functions,  and  capabilities.  It  is  often  of  great 
value  to  the  student,  the  manufacturer,  and  the  prospective  pur- 
chaser or  employer  of  machinery,  to  be  acquainted  with  the  most 
recent  types  of  dynamo-electric  machinery  that  are  actually  con- 
structed and  on  sale  in  this  country  by  the  different  makers. 
By  these  means  a  comprehensive  view  of  the  existing  art  relat- 
ing to  the  construction  and  use  of  dynamo-electric  machines 
is  obtained  which  could  not  be  reached  in  any  other  way. 

In  describing  the  various  machines,  attention  has  particularly 

been  given  to  the  practical  rather  than  to  the  theoretical  side  of 
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the  subject.  For  this  reason  the  book  is  readily  capable  of  com- 
prehension by  the  entire  community,  and  is  not  limited,  as  many 
books  on  dynamo-electric  machinery  necessarily  are,  to  those 
skilled  in  electro-technics.  It  will,  however,  the  authors  be- 
lieve, be  found  of  especial  interest  to  the  manufacturers,  pur- 
chasers, designers,  users,  and  students  of  electric  apparatus. 

The  authors  desire  to  acknow^ledge  the  courtesy  and  aid  which 
they  have  received  from  the  various  manufacturers  in  preparing 
the  material  for  publication. 

Philadelphia  December,  1897. 
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DYNAMO-ELECTRIC  MACHINERY, 

BV 

EDWIN  J.  HOUSTON,  Ph.  D.,  AND  A.  E.  KENNELLY,  8a  D. 


CHAPTER  I. 

INTRODUCTORY. 

The  closing  yeai-s  of  the  19th  century  will  undoubtedly 
be  identified  with  a  very  rapid  advance  in  dynamo-electric 
machinery.  Prior  to  1880,  only  a  very  few  dynamo-electric 
machines  were  in  commercial  service,  and  these  were  exclu- 
.sively  employed  in  operating  aic  lamps. 

During  the  last  decade  rapid  strides  have  been  made  both 
in  the  number  and  size  of  dynamo-electric  machines.  Thus, 
in  1890,  the  largest  dynamo-electric  machine  constructed  in 
the  United  States  was  of  about  500  hoi-se-power,  while  at  the 
World's  Columbian  Fair,  in  1893,  a  2,000  horse-power  dynamo 
was  exhibited,  which  was  justly  regarded  as  of  colossal  pro- 
portions. And  yet,  only  three  yeai-s  later,  a  5,000  horse-power 
dynamo  was  constructed  and  set  to  work  at  Niagara  Falls. 
Although  this  is  by  no  means  the  limit  to  the  possible  power 
of  the  dynamo-electric  machine,  yet  it  is  the  greatest  power 
which  has,  up  to  the  present  time,  been  placed  in  a  single 
dynamo  in  actual  use. 

Coincident  with  this  development  in  size,  there  has  also  been 
a  development  in  mechanical  and  electrical  qualities.  The 
dynamo-electric  machines  of  past  yeai-s  were  often  mechanic- 
ally frail.  The  wires  carried  upon  the  revolving  armatures 
were  liable  to  accidental  derangement.  The  dynamo-electric 
machine  of  the  modern  type  is  not  only  much  stronger  than  its 
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predecessor  in  mechanical  qualities,  in  self-lubricating  capa- 
bility, and  in  durability,  but  is  also  more  efficient  electrically. 
Large  dynamos  like  that  shown  in  Fig.  178,  when  free  of 
journal  friction,  claim  an  efficiency  of  97  per  cent ;  or,  de- 
liver as  electrical  power,  at  full  load,  97  per  cent  of  the  power 
expended  in  driving  them,  thus  losing  only  about  3  per  cent, 
in  the  process. 

Development  in  dynamo-electric  machinery  has  followed 
definite  and  well  recognized  lines.  While  it  is  impossible  to 
predict  what  the  dynamo-electric  machine  will  be  in  the 
middle  of  the  next  century,  yet  we  may  be  satisfied  that  its 
development  will,  probably,  go  forward  from  tlie  present  time 
along  the  direction  which  it  has  followed  in  the  past  five 
years. 

It  liJis  only  been  during  the  last  ten  years  that  special  types 
of  dynamos  and  motors  have  been  designed  for  special  kinds 
of  work.  This  is  especially  true  in  the  application  of  motors. 
Prior  to  this  time,  motoi-s  were  practically  applied  alike  to 
all  classes  of  work,  independently  of  the  particular  service 
they  were  required  to  perform.  At  the  present  time,  both 
dynamos  and  motoi-s  are  constructed  of  types  suited  for 
each  particular  class  of  work.  Thus,  the  type  of  dynamo 
suitable  for  supplying  current  to  an  office  building,  differs 
from  tlie  type  suitable  for  supplying  power  to  a  long  distance. 
The  travelling  motor,  such  as  applied  to  a  crane,  or  a  street- 
car, differs  from  the  stationary  motor  intended  to  operate  a 
line  of  shafting. 

All  dynamo-electric  machines  may  be  divided  into  two 
classes ;  namely,  generators  ;  or  those  which  generate  elec- 
tricity at  the  expense  of  meclianical  power,  and  motors  y  or 
those  which  develop  motion  or  meclianical  power,  when  sup- 
plied with  a  suitable  electric  current.  Many  generators  may 
be  used  as  motors ;  i.  e.,  when  an  electric  current  is  sent 
through  them,  they  rotate  and  develop  mechanical  power. 
Similarly,  many  motors  may  be  used  as  generatoi*s  ;  i.  e.,  w^hen 
rotated  by  mechanical  power,  they  generate  an  electric  cur- 
rent. 


Digitized  by 


Google 


Dynamo-Electric  Machinery.  VT 

There  are,  however,  even  in  those  types  of  dynamo-electric 
machines  which  are  immediately  capable  of  interchangeable 
use,  suflBcient  differences  in  detail  to  make  it  advisable  to 
describe  generators  separately  from  motors.  Moreover,  in 
certain  types  of  machines  the  difference  between  commercial 
forms  of  generators  and  motoi-s  is  so  marked  that  a  separate 
description  of  each  is  necessary. 
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CHAPTER  11. 

DIRBCT-DRIVBN     CONTINUOUS-CUR  HENT     GENERATORS     FOR 
ISOLATED    PLANTS. 

Generators  designed  for  isolated  service  vary  both  with 
the  character  and  the  size  of  the  plant  required.  Some  iso- 
lated plants,  as,  for  example,  those  which  supply  a  large  hotel, 
office  building,  or  city  block,  are  almost  indistinguishable 
from  central-station  plants,  except  in  the  fact  that  the  district 
they  supply  is  close  to  the  dynamos,  so  that  the  system  of 
supply  mains  is  comparatively  short  and  simple. 

Large  isolated-plant  dynamos  are  almost  always  directly 
connected  to  their  driving  engines ;  that  is  to  say,  the  dynamos 
are  mounted  directly  on  tlie  engine  sliafts,  without  the  inter- 
vention of  gearing  or  belting.  The  advantage  of  this  ar- 
rangement is  that  all  belting  is  dispensed  with.  This  not 
only  eliminates  the  wear  and  tear  of  belting,  but  also  the 
I)Ossibility  of  accident  fiom  a  moving  or  broken  belt,  and, 
moreover,  economizes  considerably  in  floor  space,  a  desidera- 
tum in  many  cases  of  no  little  importance.  On  the  other 
hand,  the  fii*st  cost  of  a  direct-driven  generator,  of  given 
power,  is  generally  greater  than  the  first  cost  of  a  l)elt-driven 
genei*ator,  for  the  reason  that  the  latter  is  usually  run  at  a 
greater  number  of  revolutions  per  minute  than  an  engine  can 
be  conveniently  and  economically  made  to  give.  Other 
things  being  equal,  the  faster  a  dynamo  is  made  to  run,  the 
more  electric  power  it  can  be  designed  to  produce;  or,  in 
other  words,  the  greater  its  output^  so  that  a  high-speed  dy- 
namo requires  less  copper  and  iron :  i.  e.,  less  weight  and 
material,  than  a  slow-speed  dynamo  of  the  same  power.  1 1  can, 
therefore,  be  usually  constiucted  at  a  smaller  cost.  It  is, 
however,  becoming  customary  to  introduce  direct-driven  gen- 
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erators  in  large  isolated  plants  with  fairly  fast-running  engines 
and  heavy  dynamos.  Such  a  plant  can  be  constructed,  quiet 
in  its  operation,  simple  and  sti'ong  in  its  pai-ts,  and  compara- 
tively inexpensive  to  operate  and  maintain. 

A  direct^iriven,  Western  Electric  dynamo,  suitable  for 
isolated  plant  service,  is  shown  in  Fig.  1.  Here  the  engine 
is  of  the  horizontal  non-condensing  type.  The  main  shaft  of 
this  engine  carries  on  one  side  the  fly-\^heel  F,  containing  a 
governor  G,  and  on  the  other  side  the  armature  A,  of  the 


Fig.  1— Direct-Driven  Western  Electric  Djrnamo,  Connected  to  BaJl  and 
WochI  Engine,  Suitable  for  Isolated  Plants. 


dynamo.  The  dynamo  is  mounted  on  a  cast-iron  bed-plate, 
united  solidly  with  the  bed-plate  of  the  engine,  and  the  main 
shaft  of  the  engine  is  extended  through  the  armature  bear- 
ing B.  This  bearing  is  provided  with  adjusting  bolts  J,  6, 
for  setting  and  keeping  the  bearing  in  perfect  alignment. 


Digitized  by 


Google 


20  Recent  Types  of 

The  armature  A,  rotates  within  the  space  provided  between 
the  pole  pieces  of  the  field  magnets.  These  magnets  aie  sup- 
ported on  a  circular  yoke  or  frame  M'  M'.  This  machine  has 
six  poles,  and  is,  therefore,  a  multipolar  machine  ;  i.  e.,  a  ma- 
chine having  more  than  a  single  pair  of  poles.    The  field 


J 


Fig.  2— Direct-Driven  Western  Electric  Dynamo,  Suitable  for  Isolated 

Plant. 


frame  M'  M' ;  is  better  shown  in  Fig.  2,  which  gives  a  side 
view  of  the  same  machine.  There  are  six  sets  of  brushes,  each 
set  including  five  carbon  brushes.  These  brushes  are  sup- 
ported each  in  a  separate  brush-holder  provided  with  a  spring, 
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so  as  to  maintivin  a  uniform  pressure  between  the  face  of  the 
brush  and  the  commutator  C.  The  sets  of  brushes  are  all  held 
securely  in  a  star-shaped  frame  M,  but  are  insulated  from  the 
same  by  insuhiting  \vashei*s.  The  sets  of  brushes  are  con- 
nected by  two  metal  rings  R,  R,  Fig.  1,  three  to  the  one  ring, 
and  three  to  the  other,  alternate  sets  being  connected  to  op- 
posite rings.  One  ring  thus  connects  the  three  positive 
brushes,  and  the  other  ring  the  three  negative  brushes.  The 
two  rings  are  carefully  insulated  from  each  other,  since  their 
connection  would  short  circuit  the  armature.  The  star-shaped 
frame  and  the  rings  form  one  piece,  which  is  capable  of  being 
rotated  around  the  axis  of  the  armature,  through  a  suitable 
small  range,  by  the  handle  H. 

This  adjustment  is  for  the  purpose  of  setting  the  bushes  at 
the  non-sparking  point  when  the  dynamo  is  under  load. 
Under  ordinary  conditions  of  working;  i.e.  within  the  limits 
of  full  load,  the  brushes  do  not  require  to  be  moved,  but  at 
overloads  a  readjustment  in  tlie  position  of  the  brushes  on 
the  commutator  may  be  needed. 

The  armature  windings  consist  of  solid  copper  bars  sur- 
rounded by  insulating  tubes  which  are  inserted  in  slots  on 
the  surface  of  the  armature-core.  The  end-connectors  are 
formed  of  stampings  of  solid  copper  with  loops  formed  in 
their  ends.  These  end-connectors  serve  to  join  the  solid 
copper  bars  in  the  proper  sequence  to  form  the  armature 
winding.  The  loops  on  the  end-connectors  are  forced  over 
the  ends  of  the  bai-s  and  soldered  tliereto,  by  running  molten 
solder  through  an  eye  in  the  loop  until  it  is  seen  to  exude  on 
both  sides  of  the  loop.  This  form  of  armature  winding  per- 
mits any  individual  part  to  be  taken  out  separately  in  case  of 
accident.  All  the  end-connectors  are  supported  on  the  inside 
by  lugs  secured  to  an  insulating  ring  on  the  hub. 

The  dimensions  and  weights  of  these  dynamos  is  seen  in 
the  accompanying  table. 

Another  example  of  a  direct-driven  dynamo ;  namely,  a 
Walker  generator  for  isolated  lighting,  is  shown  in  Fig.  3. 
In  this  particular  case  the  dynamo  is  mounted  on  the  right 
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Table  op  Data  of  Western  Electric  Company's  Direct-Driven 

Dynamos. 


Poles. 

Speed. 

Volts  at  FuU 
Load. 

Amperes  at  FuU 
Load. 

Shipping 
Wt.  in 
Pounds. 

Floor  Space. 

watts. 

From 

Engine 

Per-     Bearing 

pendi-     or  Fly- 

cular  ,    Wheel 

to        to  End 

Shaft,     of  Out' 

1    board 

Bearing. 

inches.   Inches. 

5 

650 

120-240 

40-     20 

12C0 

27            25i 

9 

350 

120-240 

75-     37 

25;;o 

35*      m\ 

15 

350 

120-240 

125-    62 

2900 

351 

M 

20 

300 

120-240 

165-    85 

5000 

47 

38J 

25 

350 

120-240 

210-  1U5 

499(» 

^^\ 

3.S 

2.") 

300 

120-240 

210-  105 

0150 

45A 

39 

30 

400 

120-240 

250-  125 

4990 

43i 

39J 

30 

300 

120-240 

250-  125 

G150 

4.5A 

40 

3") 

275 

120-240 

290-  145 

6150 

46||        43 

40 

310 

120-240 

330-  170 

6150 

46  ^1       43 

50 

4G0 

120-240-550 

420-  210-  ro 

GJ40 

4^>ii       44^ 

50 

C 

275 

120-240-550 

420-  210-  10 

85: 0 

62 

40 

CO 

6 

460 

120-240-550 

500-  250-110 

6100 

52 

42 

GO 

6 

275 

120-240-.550 

500-  250-110 

81)20 

62 

40 

75 

6 

300 

120-240-550 

G25-  310-130 

10  ^30 

62 

50 

75 

6 

275 

120-240-.550 

625-  310-130 

11000 

65il 

4.8i 

75 

6 

250 

120-240-550 

625-  31O-I0O 

121)30 

65i 

56f 

75 

C 

200 

120-2:0-550 

625-  310-130 

14(:00 

G7i 

60 

100 

0 

450 

120-240-550 

8:J0-  -120-180 

lOi.CO 

62 

48 

100 
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10 
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CO*. 00 
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hand  side  of  the  en^c^ine,  instead  of  on  tlie  left  liand,  as  in 
Figs,  land  2.  This  is  also  fi  six-pole  dynamo  with  six  sets 
of  brushes.  In  practically  all  cases  the  number  of  sets  of 
brushes  is  the  same  as  the  number  of  poles;  for,  althoni;]i  it 
is  possible  so  to  wind  or  connect  the  armature  that  a  single 
pair  of  brushes  ma}'  suffice,  as  in  the  case  of  Fig.  *25,  yet  the 
bruslies  and  commutator  in  such  cases  are  apt  to  become 
overheated  unless  the  commutator  is  made  so  long,  and  the 
brushes  solieavy  and  numerous,  that  tlie  two  sets  of  brushe? 
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Fig.  3 — ^Walker  Company's  Direct-Connected  "  Short"  Dynamo  for  Isolated 

Lighting. 
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ai-e  more  troublesome  than  wlieii  a  number  of  brushes  are 
employed,  distributed  around  the  commutator. 

A  foiTii  of  brush-holder  employed  in  the  Walker  dynamo 
is  i-epresented  in  Fig.  4.  Carbon  brushes  are  used  and  these 
are  set  and  shaped  as  shown.  The  dimensions  of  the  Walker 
dynamos  are  given  in  the  accompanying  table,  which  will  be 
undei-stood  by  reference  to  Fig.  5.  It  will  be  seen  that  the 
speed  is  300  revolutions-per-minute,  in  machines  of  25  kilo- 
watt size,  and  225  revolutions-per-minute  in  those   of  150 


Fig.  4— Walker  Company's  '* Short"  Brush  Holder. 

kilo-watt  size.  The  kilo-^att  is  1,000  watts,  and  is,  approxi- 
mately, 1}  horae-power,  tlie  watt  being  l/746th  of  a  horse- 
power, and  tlie  kilo-watt,  one  thousand  746ths=1.34  H.  P.  If 
the  output  of  a  macliine  in  kilo-watts  be  increased  by  one-tliird, 
we  obtain  very  closely  its  output  in  electrical  lioi*se-power. 
The  advantage  of  using  the  term  kilo-watt  lies  in  the  fact  that 
if  we  multiply  the  current  strength  in  amperes,  which  a  ma- 
chine will  deliver  at  full  load,  by  the  pressure  in  volts  at  the 
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machine  terminals,  the  product  will  be  the  electrical  output 
of  the  machine  expressed  in  watts.  Thus,  a  150 .  kilo-watt 
machine,  is  a  machine  which  will  deliver  150,000  watts  output. 
If  the  maximum  voltage  at  the  machine  terminals  be  120, 
the  current  strength  which  it  will  supply  at  full  load  will  be 


150,000 
120 


=  1,250  amperes.     It  will  be  seen  from  the  table 


that  these  machines  have  an  output,  per  pound  of  weight, 
varying  between  5.7  and  6.4  watts  per  pound,  according  to 
the  size  of  the  machine. 


Table  op  Data  op  Walker  Company's  DiREcrr-DRnrEN  Dynamos. 
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100 
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225 
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lOfl  llf 

WEIGHT 

4400 

6700 

1570018200 

H 

16 

8f 
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47f 
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18 
18 

13i 

D 

54j  59'   88  89i 

91 

L 

18 

27 

E 

1 

1 

li 
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Fig.  6,  shows  a  Siemens  and  Halske  multipolar  direct-con- 
nected dynamo  suited  for  isolated  service.  This  machine  is 
of  40  K.  W.  output,  and  is  directly  connected  to  a  tandem 
compound  engine.  The  field  magnets  are  placed  inside  the 
armature,  instead  of  on  the  outside  as  in  most  American 
machines.  The  armature  windings  form  tlie  segments  of  the 
commutator,  so  that  the  brushes  B,  B,  rest  directly  upon  the 
external  surface  of  the  armature.  There  are  four  magnet 
poles  in  the  machine,  supported  on  a  radial  iron  frame  FFFF, 
Fig.  7,  forming  the  alternate  north  and  south  poles  n,  s, 
n,  s.  This  field  frame  is  firmly  attached  to  the  bed-plate, 
and  around  it  the  armature  AA  is  revolved.  The  outer  sur- 
face of  the  armature,  which  is  free  from  insulation  and  con- 
stitutes the  commutator,  has  four  sets  of  brushes  B,  B,  B,  B, 

Vol.    6— B 


Digitized  by 


Google 


28  Recent  Types  of 

Figs.  6  and  7,  corresponding  to  the  four  magnet  poles.  The 
opposite  pairs  of  brushes  are  connected  together  electrically 
to  constitute  each  one  terminal  of  the  machine.  Thus,  the 
upper  and  lower  brushes  may  be  connected  together  to  form 
the  positive  pole  of  the  armature,  and  the  right  and  left 
hand  brushes,  similarly  connected  together,  to  form  the  nega- 


Flg.  7_Cro88  Section  of  Armature  and  Internal  Field-Frame  of  Siemens 
and  Ilalske  Dynamo. 

tive  pole.  The  brushes  are  of  copper  for  pressures  up  to 
250  volts,  but  for  pressures  above  250  volts,  carbon  brushes 
are  frequently  used.  Each  set  of  brushes  B,  has  its  indi- 
vidual brushes  so  clamped  along  the  brush-holder  bar,  as 
regards  the  position  of   the  individual  bruslies  of  tlie  other 
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sets,  that  all  portions  of  the  commutator  surface  are  exposed 
equally  to  the  friction  of  the  brushes  and  the  injurious 
formation  of  ruts  or  grooves  is  thus  avoided.  In  all  direct- 
connected  dynamos,  the  proper  care  of  the  commutator  is  a 
matter  of  considerable  importance,  because  practically  no 
other  part  of  the  machine,  except  the  bearing,  is  liable  to  wear, 
and  carelessness  in  the  setting  and  working  of  brushes  may 
greatly  shorten  the  life  of  an  armature,  or  at  least  render 
frequent  repairs  necessary. 

In  Fig.  6,  it  will  be  seen  that  there  are  three  handles  for 


wm^k^:mwMmm. 


Fig.  8— Longitudinal  Section  of  Siemens  and  Halske  Direct-Driven 
Generator. 

operating  the  brush-holdei-s.  The  lever  handle  H,  serves  to 
rotate  the  rocker  arm,  or  brush-holder  frame,  so  as  to  move 
all  the  brushes  either  further  forward  or  further  backward, 
in  order  to  diminish  the  sparking  of  the  machine  at  different 
loads.     Another  handle  serves  to  rotate  all  the  brush-holders 
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aniH  in  their  tocketa,  and  so  lifts  or  depresses  all  the  bnsdies 
at  the  same  time.     A  third  handle  aerres  as  a  eiamp. 

A  longitudinal  section  of  the  machine  is  shown  in  Fig.  8. 
Here,  FF,  is  the  field  fnune  supported  by  the  arm  A^  AA, 
IS  the  armature,  directly  attached  to  the  main  shaft  of  the 
engine ;  B,  B,  are  the  bmsb-holder  arms,  and  O,  the  oatside 
bearing. 

The  Westinghonse  Electric  and  Mannfactnring  Company's 
type  of  directrconnected  dynamo,  suitable  for  large  isolated 


Fig.  9— "Westlnghoiwe"  Engine  Type    of   250-toU  Continnons-Ciirreot 

G^enerator. 

plant  work  in  mills  and  factories,  especially  where  motors  and 
arc  lights  have  to  be  operated,  is  shown  in  Figs.  9  to  14. 
This  is  a  directK^onnected  generator  usually  constructed  in 
sizes  from  150  to  400  kilo-watts,  and  wound  for  250  volts  at 
terminals.  In  Fig.  9,  the  generator  is  represented  as  directly 
connected  to  a  tandem  compound  condensing  engine  in  the 
Duquesne  mills  of  the  Carnegie  Steel  Company.     The  arma- 
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ture  is  mounted  on  the  main  shaft  of  the  engine.  Between 
the  engine  and  dynamo  is  a  large  fly-wheel  F.  The  machine 
is  supported  upon  a  foundation  situated  below  the  main  floor, 
in  which  a  pit  is  provided  for  ready  access  to  the  brushes  b. 
These  brushes  are  of  carbon.  There  are  five  in  each  set, 
and  ten  sets  on  the  commutator  C,  since  the  m^hine  has  ten 
poles. 

The  armature  core  C  C,  for  the  machine  shown  in  Fig.  10, 
is  represented  as  built  up  of  annular  sheets  of  soft,  annealed 
steel,  and  constitutes  what  is  called  a  laminated  core. 
These  sheets  are  formed  of  punched  discs  and  are  assembled 
together  on  an  iron  spider  SSS,  supporting  both  the  armature 


Fig.  10— Armature  Core  of     Westinghouse"  Direct-Driven  250-volt 

Generator. 

core  and  the  commutator,  which  is  mounted  upon  the  cylinder 
YY.  The  armature  core-discs  are  compressed  between  two 
end  plates,  one  of  which  is  visible  in  Fig.  10,  at  e.  It 
will  be  seen  that  five  ventilating  spaces  are  provided,  extend- 
ing circumferentially  around  the  armature  core,  for  the  purpose 
of  cooling  the  armature  when  under  load,  by  throwing  air 
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under  centrifugal  force  from  the  interior  of  the  spider  through 
the  body  of  the  armature.  The  completed  armature  is  rep- 
resented in  Fig  11.  Here,  the  slots  in  the  surface  of  the 
armature  core  are  seen  to  be  filled  with  the  armature  winding, 
which  is  made  from  bars  of  drawn  copper.  These  bare  after 
being  shaped,  are  insulated  and  baked  to  remove  moisture 
from  the  insulation.  Any  armature  coil  can  be  readily  re- 
moved if  necessary.     The  pole-pieces  are  of  laminated  steel. 


Fig.  11 — Completed  Armature  of  '*  Westinghoose"  Direct-Driven  250-voU 

Generator. 


Figs.  12,13  and  14,  show  the  general  structure  of  The  West- 
ing-house Electric  and  Manufacturing  Company's  250-volt 
direct-driven  generators,  with  letters  of  reference,  showing, 
when  taken  in  connection  with  the  accompanying  table,  the 
dimensions  of  four  different  sizes.  It  will  be  seen  that  the 
machines  have  either  8  or  10  poles.  The  output,  per  pound 
of  net  weight,  is  from  6;J  to  8  watts  per  pound,  according  to 
size.  The  speed  of  driving  varies  from  200  to  130  revolutions 
per  minute.  The  wheel  W,  adjusts  the  position  of  the  rocker 
arm,  or  circle  carrying  all  the  brushes,  and  moves  them  for- 
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BlgB,  12  and  13 — ^Diagram  of  Dimensions  of  *'  Westinghouse  "  Direct-Connected  250-volt  Generator. 
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Table  op  Approximate  Dimensions  op  Westinghouse  Electric  CJom- 
pany's  250-Volt  Direct-  Driven  Generators. 


KW. 

Amperes 
at  250 
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of 
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R.P.M. 

A^rox. 
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A 

B 
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39 

O 

In. 
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52i 
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loi 
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96 

200 

800 

8 

8 

10 

170-185 

80,000 

17 
17 
18 

96 

800 

1200 

145-160 

43,000 

108 

400 

1600 

130-142 

50,000 

67i|l24i 

114 

Y-^-4 


Fig.  14— Diagram  of  Dimensions    of  "Westinghouse"  Direct-Connected 
250-volt  Generator. 
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ward  or  backward  through  a  small  angular  range,  so  as  to 
ensure  quiet  commutation.  The  field  fi-ame  is  made  in  two 
vertical  halves  which  are  bolted  together  by  bolts  b,  b.  In 
order  to  obtain  ready  access  to  the  armature,  the  two  halves 
of  the  field  frame  may  be  withdrawn  by  releasing  these  bolts 
and  operating  the  screws  S,  S.  By  this  means  the  two  halves 
are  separated  along  ways  in  the  bed-plate. 

The  brushes  are  of  carbon  and  are  supported  in  brackets 
from  the  surface  of  the  rocker-arm  circle.  There  are  five 
brushes  to  each  set,  and  8  or  10  sets  of  brushes,  according  to 
the  number  of  poles.  • 

Another  feature  of  the  Westinghouse  armatures,  when  above 
75  K.  W.  output,  is  the  ring  connection  of  their  armatures* 
Four  conducting  rings,  which  are  insulated  from  each  other, 
are  employed  in  the  armature.  To  these  rings  are  connected 
corresponding  points  in  the  armature  winding  as  indicated 
diagrammatically  in  Fig.  15.  Here  a  six-pole  field  Pj, 
Pj,  Pj,  P4,  Pft,  Pe,  surrounds  an  armature  ring  shaded  in  the 
figure.  This  is  connected  in  the  usual  way  with  its  commu- 
tator by  connections  not  shown  in  the  diagram.  The  arma- 
ture winding  is,  however,  tapped  at  the  corresponding  points 
a,  ai,  a^,  and  connected  to  conducting  ring  No.  1.  Similarly, 
the  points  b,  bi,  bg,  are  connected  to  ring  No.  2  ;  c,  Ci,  c„  to 
ring  No.  3,  and  d,  di,  dj,  to  ring  No.  4.  If  the  poles  Pi, — Pc, 
are  all  equally  strong,  and  the  armature  is  symmetrically 
placed  with  respect  to  them,  these  ring  connections  will  have 
no  effect,  since  no  current  will  pjiss  through  any  of  the  con- 
ductor shown.  If,  however,  any  pole,  say  P4,  is  unduly 
strong  or  weak,  currents  will  be  set  up  in  the  segment  of  the 
armature  lying  beneath  the  pole,  in  such  a  manner  as  to  com- 
pensate for  the  irregularity  and,  therefore,  to  aid  in  re-estab- 
lishing magnetic  symmetry. 

Another  feature  of  the  Westinghouse  direct-current  genera- 
tors, adopted  in  machines  above  25  K.  W.  capacity,  is  a  method 
of  magnetically  saturating  the  pole-edges  n,  n,  s,  s.  Fig.  15, 
so  as  to  prevent  distortion  of  the  magnetic  flux-distribution 
by  the  magnetic  influence  of  currents  in  the  armature  under 
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load.  This  enables  the  brushes  to  be  maintained  in  a  fixed 
position  through  wide  variations  of  load,  and  greatly  reduces 
the  loss  of  energy  in  the  teeth  of  the  armature  core  due  to 
magnetic  reversals,  when  under  load.  The  method  consists 
in  cutting  off  the  pole  corners  of  from  half  to  two-thirds  of 
all  the  laminated  plates  which,  when  assembled,  make  up  a 


Fig.  15— diagram  of  Ring-Connected  Armature. 


pole  piece.  Consequently,  the  pole  pieces  retain  full  thick- 
ness over  about  the  middle  third  of  their  length,  where  all 
the  sheets  unite,  but  at  the  pole  cornel's,  only  alternate  sets  of 
sheets  may  be  left,  and  the  cross-section  of  the  pole-edges  is 
thus  virtually  halved,  thereby  correspondingly  increasing  the 
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density  of  the  magnetic  flux  passing  through  them.  The 
magnetically  saturated  polar  edges  oppose  marked  resistance 
to  the  magnetic  influence  of  the  active  armature  conductors 
passing  beneath  the  pole-face>  and  thus  greatly  lessen  cross- 
magnetization. 


Pig.  16— "Westinghoiwe**  120  K.  W.  Dlrect-Cnrrent  125-voTt  Engine- 
Type  Generator. 

Figs.  16  and  16  A,  show  a  Westinghouse  Electric  and 
Manufacturing  Company's  120  K.  W.  Direct-Current  Engine- 
Type  of  Generator,  wound  for  125  volts.     This  is  an  8-pole, 
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or  octopolary  machine,  with  eight  sets  of  carbon  brushes,  with 
four  brushes  in  each  set.  The  brush-holder  ring  is  moved 
by  the  wheel  W.  T,  T,  are  the  main  terminals,  each  con- 
nected by  flexible  conductors  to  an  insulated  copper  ring 
making  contact  with  alternate  sets  of  brushes.     The  field  is 


Plgl6  A.— "Westlnghouse"  120  K.  W.  Direct-Current  125- Volt  Engine- 
Type  Generator. 

compound-wound,  the   series  coil  being   fuilhest  from   the 
armature. 

The   armature  of  this  machine  is  shown  in  Fig.  17.     It 
has  two  ventilating  grooves  in  the  body  of  the  core.     It  has 
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also  91  slots  and  273  commutator  bai*s,  making  about  11  slots 
and  34  bars  per  pole  of  the  field ;  or  three  bars  per  slot.  Con- 
sequently, the  full  pressure  of  125  volts  is  generated  between 
adjacent  sets  of  brushes,  or  between  the  34  commutator  bars 
which  separate  adjacent  brushes.     The  average  pressure  be- 


1 


Fig,  It— Armature  for  "  Westinghouse  "  120  K.  W.  Direct-Current  125-volt 
Engine-Type  Generator. 

tween  adjacent  commutator  bars  is,  therefore,  3§  volts,  a 
low  voltage  being  an  important  factor  in  securing  sparkless 
commutation.  This,  however,  is  by  no  means  the  only  cir- 
cumstance which  controls  sparkless  commutation,  since  some 
special  forms  of  machines  generate  an  average  of  several 
hundred  volts  between  adjacent  commutator  bars,  while  some 
arc-light  generators  with  open-circuit  armatures ;  i.  e.,  aima- 
tures  provided  with  coils  that  are  disconnected  from  the 
circuit,  or  are  on  open-circuit  during  a  certain  portion  of  each 
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revolution,  maintain  an  average  of  several  thousand  volts  be- 
tween adjacent  commutator  bars. 

A  similar  type  of  Westinghouse  Electric  and  Manufaetur- 
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Pig.  18 — "Westinghouse,"  Direct-Driven  Engine — Generator. 

ing  Company's  direct-driven  generator,  called  the  Standard 
Engine  Type,  is  represented  in  outline  in  Fig.  18.  These 
machines  are  usually  wound  for  125  volts.  The  accompany- 
ing table  gives  their  dimensions.     They  have  slotted,  venti- 
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Fig.  19,  shows  another  type  of  Westinghouse  direct-con* 
nected  dynamo,  called  the  "  Kodak."  The  machine  shown 
in  the  figure  is  of  37.5  kilo-watts  capacity;  or,  approximately, 
60  horse-power.  These  dynamos  are  constructed  from  5  horse- 
power to  the  largest  sizes.  The  generator  is  coupled  to  the 
engine  main  shaft  through  an  elastic  coupling,  so  as  to  permit 


Fig.  20— "General  Electric"  6-60-276,  Direct-Driven  Generator. 

of  any  slight  displacement  between  the  engine  and  gener- 
ator axes.  This  coupling  consists  of  a  pair  of  heavy  discs, 
one  on  the  engine  shaft,  and  the  other  on  the  dynamo 
shaft.     Pins  projecting  from  each  disc  into  the  space  between 
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them,  at  different  radii,  enable  short  belts  or  leather  loops  to 
connect  them  flexibly.  The  generator  is  of  the  quadripolar^ 
or  four-pole  type,  and  is  provided  with  four  sets  of  carbon 
brushes. 

Fig.  20,  represents  the  General  Electric   Company's  type 
of  directdriven  multipolar  machine  for  lighting  purposes  and 


Pig  21 — ••  G^ene^al  Electric*'  Tron-Clad  Armature  of  Direct-Driven  Grcnerator. 

isolated  aervice.  This  machine  is  of  the  sextipolar^  or  six- 
pole  type,  and  is  called  a  6-50-275  generator,  which  means 
6  poles,   60  kilo-watts,  and    275   revolutions   per  minute. 
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Here,  the  field  frame  FFF,  of  cast  steel,  is  cast  in  two  halves  s 
00,  is  tlie  outside  tripod  bearing.  T,  T,  are  the  main  termi- 
nals to  which  are  attached  the  cables  that  carry  off  the  current 
supplied  by  the  machine.  There  are  six  sets  of  brushes, 
which  are  set  in  the  rocker-arm  circle,  whose  position  is  con- 
trolled by  the  hand  wheel  W.  The  brush-holders  are  alter- 
nately connected  to  two  metal  rings,  which  are  insulated 
from  each  other,  and  which  are  finally  connected  to  the  main 
terminals  by  the  copper  cables  CC,  CC« 


Fig.  21  A—"  G^eneral  Electric"  Multipolar  Generator. 

The  iron-clad  armature  for  such  a  generator  is  represented 
in  Fig.  21.  It  will  be  seen  that  carefully  insulated  coppei 
bars  are  inserted  in  the  slots  formed  by  the  assemblage  of  a 
number  of  punched  discs  of  annealed  steel.     These  bars  are 
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all  connected  with  the  commutator  CC.  The  armature  body 
and  commutator  are  mounted  together  upon  the  spider  SS, 
\vhicli  in  its  turn  is  keyed  directly  to  the  main  engine  shaft. 
The  armature  is  ventilated  by  slots  extending  circumferen- 
tially  around  the  surface  of  the  armature  core. 

A  more  recent  type  of  the  General  Electric  Company's 
multipolar  direct-driven  generators,  in  shown  in  Fig.  21  A. 
Here  a  six-pole  compound-wound  machine,  of  50  K.  W. 
capacity  at  275  revolutions  per  minute,  is  directly  connected 
to  a  horizontal  engine.  The  armatuie  of  this  machine  is 
shown  iu  Fig.  22. 


L^ 


Pig.  22— Armature  of  **  General  Electric  "  Direct-Connected  Generator. 

This  armature  is  barrel-wound ;  that  is  to  say,  its  core  or 
body  is  provided  at  each  end  with  a  cylindrical  flange  of  cast 
iron,  forming  a  receptacle  for  the  projecting  end  connections 
as  shown  in  Fig.  48.  The  end  connections  are  carefully  in- 
sulated from  each  other,  laid  symmetrically  in  the  flanges,  and 
then  tightly  secured  in  place.  The  flanges  not  only  afford 
an  excellent  mechanical  protection  for  the  end  connections, 
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or  coil  ends,  but  also  prevent  oil  in  the  bearings  from  being 
thrown  upon  the  armature  winding. 

The  accompanying  table  shows  the  sizes  and  dimensions 
^or  a  number  of  different  machines. 

Fig.  23,  snows  a  direct-coupled  pair  of  General  Electric 
Company's  Marine  Type  of  Q uadri polar  Generatoi-s,  with  car- 
bon brushes,  wound  for  80  volts  pressure,  and  each  capable^ 
at  400  revolutions  per  minute,  of  delivering  800  amperes. 
They  are  coupled  to  a  double  engine  of  the  veilical  marine 
type. 


Fig.  28 — Pair  of  **  General  Electric  '^  Direct-Driven  Marine  Dynamos. 

Tlie  cuiTent  delivered  by  these  machines  is  employed  both  for 
lighting  and  for  turret-turning.  A  main  switch  is  seen  to  be 
mounted  on  a  liead-board  over  each  machine.  U.  S.  Navy 
specifications  usually  require  that  the  higliest  temperature 
obtained  by  any  part  of  the  generatoi*s,  after  sustained  full 
load,  shall  not  be  more  than  50°  F.  above  that  of  the  sur- 
rounding air. 

Fig.  24,  shows   a    General  Electric  Company*s,  6-pole  25 
K.  W.,  305  rev.  80-volt,  Marine  Generating  Set,  arranged  to 
4 


Digitized  by 


Google 


50  Recent  Types  of 

sustain  full  load  with  a  rise  in  tempemture  on  the  dynamo 
not  exceeding  25°  C.  The  single-cylinder  engine  and  dynamo 
are  mounted  on  a  common  bed-plate,  as  shown.  The  gov- 
ernor is  placed  on  tlie  fly-wheel. 


Fig.  24—"  General  Electric  "  Marine  Generating  Set. 

Another  of  the  General  Electric  Company's  direct-coupled 
generating  sets,  is  shown  in  Fig.  25.  These  generators  are  of  the 
quadripolar  type  np  to  15  K.W.,  and,  as  shown  in  Fig.  24,  of  the 
sextipolar  type  in  25  K.  W.  size.     They  have  round  field  fi*ames 
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and  iron-clad  armatures.  The  machine  shown  has  4  poles, 
and  has  an  output  of  8  K.  W.  at  650  revolutions  per  minute. 
When  wound,  as  is  the  standard   practice,  for  110  volts  at 

terminals,  it,  therefore,  gives -—^7%-  =  78  amperes,  approxi- 


Pig.  25— "General  Electric"  Direct-Coupled  GeneratiDg  Set,  4-8-660,  with 
Double-Cylinder  Engine. 

mately,  at  full  load.  The  dimensions  of  these  sets  is  given  in 
the  accompanying  table.  The  output,  including  weights  of 
both  engine  and  dynamo,  is  seen  to  be,  approximately,  3J 
watts  per  lb.     The  machine  shewn  occupies  a  floor-space  of 
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5'  2"  X  2'  9"  and  stands  3'  V  high.  It  weighs  2,700  lbs., 
with  the  engine  wliich  has  two  cylinders,  each  having  an  in- 
ternal diameter  of  4^",  with  4"  stroke. 

Fig.  26,  shows  the  Triumph  Electric  Company's  50  K.  W. 
sextipolar  generator,  directly  connected  to  a  horizontiil  engine. 
The  field  frame  is  divided  into  vertical  halves,  connected  by 
large  turned  bolts  fitted  into  reamed  holes.     By  this  means 


Fig.  26 — Triumph  Electric  Company's  Direct-Connected  Generator. 

the  field  frame  is  readily  withdrawn  for  repairs  or  inspection. 
The  brushes  are  of  carbon  and  are  provided  with  a  positive 
clamp.  The  core  and  completed  armature  of  this  generator 
are  seen  in  Fig.  27,  while  the  commutator  and  shell  of  a 
similar  generator  are  seen  in  Fig.  28.  The  ends  of  the  com- 
iQUtator  bare  are  seen  to  be  provided  as  usual  with  slots  for 
the  reception  of  the  ends  of  the  armature  conductor,  which 
are  soldered  in  place. 
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Pig.  2T— Core  and  Completed  Armature  of  Triumph  Electric  Company's 
Direct-Driven  Greuerator. 


Fig.  28— Commutator  and  Commutator  Shell  of   Triumph  Electric  Com- 
pany's Direct-Driven  Generator. 

Fig.  29,  shows  a  Bullock  Electric  Company's,  sextipolar 
compound-wound  direct-driven  generator,  delivering  25  K.  W. 
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at  275  revolutions  per  minute.  These  machines  are  con- 
structed in  the  following  sizes ; — 20,  25,  30,  50,  60,  75  and 
100  K.  W.,  to  nin  at  the  standard  speed  of  275  revolutions 
per  minute.  Their  carbon  brushes  are  set  to  a  permanent 
position  that  calls  for  no  change  under  variations  of  load. 

A  direct-connected  100  K.  W.  (134  horse-power)  generator, 
of  the  Crocker-Wheeler  Company,  is  shown  in  Fig.  30.     This 


Fig.  30— Crocker- Wheeler  Direct-Driven  Generator. 

shows  an  octopolar,  or  8-pole  machine,  with  eight  sets  of 
brushes,  the  field  magnets  being  mounted  directly  on  the 
bed-plate  of  a  Mcintosh  and  Seymour  engine.  The  rocker- 
arm  circle  supporting  the  brush-holdei*s,  is  moved  by  the 
wheel  handle  w.  The  cables  leading  from  the  machine  are 
carried  down  through  the  wooden  flooring  through  insulating 
bushings.  The  engine  and  dynamo  run  at  250  revolutions 
per  minute.     The  finished  armature  for  this   machine  is  re- 
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presented  in  Fig.  31.  The  atmature  is  iron-clad,  and  the 
conductors  are  led  through  slots  on  its  surface  to  the  com- 
mutator. 

The  modern  type  of  dynamo-electric  machine  is  almost 
always  iron-clad.  An  iron-clad  armature  gives  better  me- 
chanical suppoi-t  to  its  conductors,  and  is  in  every  respect 
stronger  than  an  armature  of  the  smooth-coi-ed  type,  in  which 


Pig.  31— Armature  of  Crocker- Wheeler  Direct-Connected  100  K.  W.  Gen- 
erator. 

the  conductoi-s  are  caiTied  over  the  surface  instead  of  being 
imbedded  in  slots.  Moreover,  the  magnetic  pull  upon  the 
armature  of  a  dynamo-electric  machine  is  exerted  upon  the 
conductora  when  these  lie  on  the  surface  of  the  core  as  in 
smooth-core  armatures  ;  but  it  is  exerted  almost  entirely  upon 
the  iron  teeth  when  the  conductors  are  buried  in  slots,  as  in  iron 
clad  or  tooth-cored  armatures.  Consequently,  smooth-cored 
armatures,  are  not  only  structurally  weaker  than  tooth-cored 
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armatures,  but  are  also  more  liable  to  be  mechanically  injured 
by  unduly  powerful  magnetic  forces.  The  process  of  winding 
an  iron-clad  armature  of  this  size  with  wire  conductors  is 
represented  in  Fig.  32. 


Fig.  32 — Crocker- Wheeler  Direct-Connected  Type  Armature  Core,  Partially 

Wound. 

A  50  K.W.  Crocker-Wheeler  Electric  Company's  multipolar 

generator  is  shown  in  Fig.  33,  directK3onnected  to  an  80  H.  P. 

Ames    horizontal  engine,  running    at   275  revolutions  per 

minute.     There  are  six  pairs  of  metallic  brushes  resting  on  the 

commutator.     The  brush-holders  are  supported  each  from  one 

of  a  pair  of  conducting  rings  alternately.     The  liandle  A, 

lifts  all  the  brushes  simultaneously.     Tlie  wheel  handle  TF, 

rotates  the  brush-holder  rings  together,  so  as  to  adjust  the  lead 

of  the  brushes  on  tlie  commuUitor. 

Vol.    5— D 
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Fig.  84,  shows  a  front  elevation  and  axial  section  of  a 
Crocker-Wheeler,  size  280  octopolar  generator,  two  of  which 
are  iastalled  at  the  Columbia  University,  New  York.  Its 
weight  is  about  43,000  ll)s.,  the  output  being  200  K.  W.  at 
100  revolutions  per  minute,  or  300  K.  W.  at  150  revolutions 
per  minute.     The  external  diameter  of  the  cast  ii-on  field 


Fig.  83 — Crocker- Wheeler  50  K.  W.  Generator,  Directly  Connected  to  Shaft 
of  «0  H.P.  Ames  Engine. 

ring  is  107  inches.  Tiie  cross-section  indicates  the  method 
of  suppoiting  the  liiniiiiated  armature  core,  with  its  two 
ventihiting  spaces,  the  method  of  winding  the  armature  wire 
in  the  grooves,  and  the  flange-rings  wliich  protect  the  wind- 
ing externally.  Tlie  means  adopted  for  mounting  tlie  com- 
mutator on  the  shaft  and  clamping  its  segments  on  the  shell 
are  also  readily  observed. 
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A  40  H.  P.  armature  in  coui-se  of  being  wound  is  shown 
in  Fig.  35.  Channels  of  micanite  like  those  shown  on 
tlie  armature  at  cc,  are  laid  in  grooves  of  cardboard  and 
mica,  and  the  wire  is  wound  in  them.  The  armature  shown 
is  of  the  quadripolar,  four-circuit  ring  type,  so  that  the  wire 
is  carried  through  the  centre  at  each  turn.  The  shaft  is  pro- 
tected by  cloth  or  canvas  to  prevent  the  wires  from  being 
abraded  by  coming  in  contact  with  it. 


Fig.  35 — Crocker-Wheeler  Armature  Partly  Wound. 

Fig.  36,  shows  a  Crocker-Wheeler  Electric  Company's  No. 
15  dynamo,  directly  connected  to  a  Case  engine.  The  output 
is  8  K.W.  Hfc  650  revolutions  per  minute,  and  the  total  weight 
2300  lbs.  Both  engine  and  generator  are  mounted  on  a  com- 
mon but  independent  bed-plate.  They  are  united  by  a  flange 
coupling.  This  generator  is  of  the  quadripolar  type.  It  is 
compound  wound  and  has  four  sets  of  carbon  brushes,  Avhich 
press  in  a  radial  direction  upon  the  commutator.  T,  T,  are 
the  main  terminals. 
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We  have  hitherto  described  only  multipolar  directKJon- 
nected  generators  as  suitable  for  isolated  service.  Modern 
large  generators  are  always  multipolar  for  the  reason  that  a 
greater  output  can  be  obtained  per  pound  of  material,  and  for 
a  given  floor  space,  with  generators  of  the  multipolar  type, 
than  with  those  of  the  bipolar  type,  since  the  magnetic  cir- 
cuit, being  divided  into  a  number  of  symmetrical  streams,  is 
more  compact. 


Fig.  36— Crocker- Wheeler  Dynamo  Directly  Connected  to  Case  Engine. 

Fig.  37, shows  a  small  direct-driven  Crocker-Wheeler  Com- 
pany's bipolar  generator  connected  to  a  Case  engine.  Here 
the  machine  has  two  poles  N  and  S,  and  between  them  is 
driven  the  armature  mounted  on  the  engine  shaft.  There 
are  two  pairs  of  carbon  brushes  B,  B,  carried  by  the  rocker 
arm  moved  by  the  handle  H.     L,  is   the  head-board  of  the 
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machine  carrying  the  main  terminals.     The  machine  shown 
has  an  output  of   4  K.  W.,  and  runs  at  650  revolutions  per 
minute,  weighing  with  the  engine  1450  pounds.     The   two 
machines  have  a  common  base  plate. 
Fig.  88  represents  a  No.   8,  Crocker-Wheeler    Electric 


Fig.  37— Crocker-Wheeler  Direct-Connected  Generator. 

Company's  bipolar  generator,  directly  connected  to  a  vertical 
Case  engine.  This  generator  has  an  output  of  2  kilowatts, 
at  the  speed  of  800  revolutions  per  minute,  corresponding 
to  18.18  amperes  at  110  volts  pressure.  The  generator  is  of 
the  vertical  type,  having  wrought-iron  magnet  cores  with  pole 
pieces,  set  into  a  cast-iron  base-plate.    The  commutator  has 
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TABLE  OP  DATA  OP  INTEMOR  CONDUIT  AND  INSULATION  CO.'S  LUNDELL 
DIRECT-CONNECTED  GENERATOR  SETS. 


Catalogrue 

Size  of 
Engine. 
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320 
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2i 
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TABLE  OF  DIMENSIONS. 


Size  of 
Eng. 

A 

B 

i^ 

D. 

B 

F 

o 

H 

J 

K 

L 

H 

N        O 

P 

Q 

R 

4 

3iX2i 

18} 

20} 

'C 

,m 

88{ 

m 

H 

13i 

4»ft 

3f 

13i 

6i 

12ft'l6i 

5i 

20 

34i 

4  X3 

m 

32 

\^ 

28ft 

15ft 

H 

13t 

56 

4i 

15J 

6i 

14ttl»ft 

<4 

24 

29ft 

5X4 

21 

26 

IB 

\oi 

m 

l»ft 

4 

m 

«7* 

<* 

80, 

H 

16i   30H 

7i 

28 

844 

«  X5 

gim^ 

t 

1 

STft 

m 

4i 

m 

m 

7A 

2^ 

lot 

lflft24A 

1 

^ 

32 

44 

The'dimension&^ofi  the  Lundiell  cfynainti».s6pamtBly,  are  given 
in  tlie  acGOU]pRfl!y^ing>  table.. 
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4-iX)le  type,  all  smaller  .sizes  2-pole  type. 
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Pig.  39— "Lundell"  Dynamo  Directly  Driven  by  Sturtevant  Engine. 
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Fig.  41— "Excelsior"  150-Kilowatt  Direct-Connected  Generator. 
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Fig.  42— Dimensions  of  -Excelsior"  Direct-Connected  Generators. 


Digitized  by 


Google 


Dynamo-Electric  Machinery.  71 

\ 
Fig.  41,  represents  an  Excelsior  Electric  Company's  150 
kilowatt  direct-connected  generator.  This  is  a  sextipolar 
machine  with  six  sets  of  metallic  brushes.  The  dimensions 
of  these  machines  are  indicated  in  the  accompanying  table  in 
connection  with  Fig.  42. 

Nearly  all  isolated-plant  generators  are  compound-wound  ; 
that  is  to  say,  their  field-magnets  have  two  windings,  one  of 
which  is  connected  across  the  terminals  of  the  machine,  and 
the  other  is  in  the  armature  circuit. 

This  is  diagrammatically  represented  in  Fig.  43,  where  a 
compound-wound  bipolar-machine  is  indicated  on  the  left 
hand  side,  and  a  compound-wound  quadripolar-machine  on 
the  right  hand  side. 


Fig.  43 — Diagram  of  Compound  Winding. 

The  armature  A,  is  connected  to  tlie  main  terminals  T,  T , 
through  a  small  number  of  turns  s,  of  coai-se  wire  on  the  field 
magnet  or  magnets.  This  coai-se  winding  is  called  the  series 
winding^  since  it  is  in  series  with  the  armature.  The  larger 
magnetizing  coil  S,  is  of  fine  wire,  and  is  connected  in  slmnt 
to  the  circuit,  or  between  the  terminals  T,T'.  It  is  therefore 
called  a  shunt-winding,  A  shunt-ivound  machine  has  no  series 
winding.  A  series-wound  machine  has  no  shunt-winding  ; 
while  a  compound-wound  machine  has  both  series  and  shunt- 
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winding.  The  purpose  of  the  series-winding  in  a  compound- 
wound  machine  is  to  strengthen  the  magnets  by  the  current 
supplied  from  the  armature  to  the  circuit,  and,  therefore, 
automatically  to  sustain  the  pressure. 

In  the  absence  of  the  coai-se  winding,  the  pressure  at  tlie 
dynamo  terminals  would  tend  to  fall  as  the  load  increased. 
This  tendency  to  fall  is  counteracted  by  the  excitation  of 
the  series,  or  coai-se-winding,  which,  increasing  with  the  load, 
tends  to  make  the  pressure  rise.  The  coai-se  and  fine  wind- 
ings are  so  adjusted,  in  regard  to  the  number  of  turns  and  their 
relative  current  strengths,  that  the  pressure  at  the  machine 
terminals  is  maintained  practically  constant  under  all  loads. 
In  some  cases  it  is  desirable  to  have  the  pressure  actually 
rise  under  load,  say  five  per  cent,  in  order  to  compensate  for 
the  drop  of  pressure  which  may  occur  in  the  main  conduc- 
toi*s.  In  such  a  case  the  machine  is  said  to  be  over-corn- 
pounded. 

The  compound  winding  of  the  generatoi*s  already  referred 
to  will  be  evident  on  an  inspection  of  Figs.  20  and  29. 

With  very  small  direct-driven  generators,  wliere  the  engine 
and  dynamo  are  mounted  on  the  same  bed-plate,  but  little 
attention  is  required  for  the  foundation,  a  good  solid  floor 
being  sufficient.  The  larger  and  heavier  the  dynamo,  how- 
ever, the  greater  the  necessity  for  obtaining  a  firm  foundation. 
As  a  rule,  direct-<lriven  generatoi"s,  of  over  10  K.  W.  capacity, 
should  be  placed  in  a  basement  floor  on  a  brick  or  concrete 
foundation  resting  directly  on  the  ground.  It  is  always  ad- 
visable to  lay  the  foundation  for  the  generator  and  its  driving 
engine  at  the  same  time  so  that  they  may  set  together. 

In  setting  up  a  direct-driven  generator,  care  sliould  be  taken 
in  placing  the  armature  on  the  engine  shaft  to  prevent  its 
being  injured  by  scraping  against  the  field  poles. 

In  operating  a  direct-driven  generator,  attention  should  be 
given  to  the  brushes  and  to  the  bearings.  Any  want  of  align- 
ment in  the  outside  bearing  is  apt  to  produce  heat  in  one  or 
both  Ijearings  of  the  machine.  The  bruslies  should  i)ress 
uniformly  ui)on  the  commutartor,  and  should  be  so  set  that 
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their  friction  is  distributed  as  nearly  uniformly  as  possible 
over  the  length  of  the  commutator  segments. 

When  a  generator  is  started  into  operation,  it  is  fii*st  brought 
up  to  full  speed.  Its  field  circuit  is  then  closed,  and  all  the 
resistance  turned  out  at  the  shunt-field  rheostat  r.  Fig.  43,  so 
that  as  powerful  a  magnetizing  current  as  possible  may  pass 
round  the  shunt  coil  of  the  magnets.  The  voltage  generated 
by  the  machine  is  then  watched  as  it  rises,  at  the  voltmeter, 
and  the  field  rheostat  is  then  adjusted  until  the  correct  pres- 
sure is  maintained.     The  main  switch  is  then  closed. 
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CHAPTER  III. 

BELT-DEIVEN   CONTINUOUS-CURRENT   GENERATORS   FOR 
ISOLATED    PLANTS. 

Where  low  first  cost  is  a  matter  of  principal  importance, 
and  where  the  use  of  belts  is  no  disadvantage,  belt-driven 
generator  are  preferably  employed  for  isolated  service.  Tliey 
have  the  advantage  that  they  can  be  installed  wherever  an 
engine  has  already  been  located  with  reserve  power.  It  is 
only  necessary  in  such  cases  to  provide  the  requisite  belting, 
a  foundation  and  floor  space  for  the  dynamo,  and,  in  some 
cases,  an  intermediate  counter-shaft  for  obtaining  tlie  neces- 
sary belt  speed. 

For  very  small  genei-atoi'S,  gas  or  oil  engines  are  sometimes 
suitable.  These  engines  usually  deliver  but  one  impulse  to 
their  j^istons  in  every  two  revolutions  of  their  main  shaft. 
Consequently,  at  every  such  impulse  the  speed  is  accelerated 
to  a  degree  that  becomes  very  noticeable  in  the  steadiness  of 
the  light  of  the  incandescent  lamps  that  may  be  operated 
from  the  dynamo  driven  by  the  engine.  A  large  fly-wheel  for 
the  dynamo  is,  therefore,  necessary,  unless  the  engine  is 
already  provided  with  a  large  fly-wheel,  in  order  to  maintain 
the  speed  as  nearly  constant  as  possible.  A  form  of  Lundell 
dynamo,  provided  with  a  fly-wheel  and  pulley  for  belt-con- 
nection with  a  gas  engine,  is  shown  in  Fig.  44.  The  gener- 
ator which  is  quadripolar,  does  not  differ  from  that  shown 
in  Fig.  39.  The  weights  and  dimensions  of  these  aynamos 
are  given  in  the  accompanying  table. 

It  will  be  observed  that  these  dynamos  are  constructed  up 
to  an  output  of  28  1-2  K.  W. 

The  General  Electric  Company's  type  of  small  bipolar 
generator,  suitable  for  isolated  service,  occupying  small  floor 
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Pig.  45—"  General  Electric  '*  Belt-Driven  Ironclad  Bipolar  Generator. 


Fig.  46—"  General  Electric  "  Belt-Driven  Ironclad  Bipolar  Generator. 
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space,  and  called  the  irou-clad  bipolar,  (I  B),  generator,  is 
shown  in  Fig.  45.  In  this  machine  the  field  frame  completely 
surrounds  the  armature,  so  that  the  machine  is  well  protected 
from  mechanical  injury.    A  later  type  of  this  machine  is 


Fig.  44 — Lundell  Generator  for  Gas  Engine  Service. 
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shown  in  Fig.  46.  These  generators  are  wound  for  standard 
voltages  of  125,  260  or  500  volts.  The  125-volt  machines 
are  suitable  for  two-wire  incandescent  lighting,  where  but 
a  single  pair  of  mains  with  branches  is  employed,  say  in  a 
building.  250-volt  machines  are  suitable  for  the  distribution 
of  power  by  220-volt  motors.  The  500-volt  generators  are 
suitable  for  600-volt  motor   distribution.    In  all  dynamo 


Wg.  47— "General  Electric"  Company's  Belt-Driven  Generator. 

machines  a  250-volt  armature  has,  approximately,  twice  as 
many  turns  of  half  cross  section,  and  a  500-volt  armature 
has,  approximately,  four  times  as  many  turns  of  quarter 
cross  section,  as  a  125-volt  armature  of  the  same  capacity. 
The  same  field  frame  is  employed  for  all  these  voltages,  but 
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the   winding  differa  both   in  the   field  magnets  and  in  the 
armature. 

The  General  Electric  Company's  standard  belt-driven 
generator  is  illustrated  in  Fig.  47.  These  machines  are 
quadripolar  up  to  85  K.  W.  capacity,  and  are  constructed  in 
two  classes,  namely,  moderate-speed  generatoi-s,  and  slouhspeed 
generators.  As  we  have  already  seen,  the  output  of  a  gene- 
rator of  given  size  and  weight  is  increased  if  designed  for  an 
increased  speed.  Thus,  a  9  K.  W.  genei-ator  of  the  moderate- 
speed  class  weighs  970  lbs.,  and  runs  at  1450  revolutions  per 
minute.  A  9  K.  W  generator  of  the  slow-speed  class  weighs 
1370  lbs.,  and  runs  at  900  revolutions  per  minute.  It  will 
therefore  be  observed  that  in  this  case  the  reduction  in  speed 
of  38*/i  is  obtained  by  an  increase  in  weight  of  41V».    The 


Fig.  48 — Incomplete  Armature  Core  and  Colls  for  "  General  Electric  ** 
Belt-Driven  Armature. 

particulars  concerning  these  two  classes  of  generators  are 
given  in  the  accompanying  tables  with  reference  to  Fig.  47  A. 

The  fi-ames  of  these  machines  are  of  cast-iron,  with  pole- 
pieces  of  soft  steel.  They  have,  iron-clad,  ventilated  arma- 
tures. Fig.  48,  shows  the  incomplete  armature  for  one  of 
these  machines,  while  Fig.  49,  shows  a  completed  armature* 
Carbon  brushes  are  employed. 

Fig.  50,  represents  a  Wood  Belt-Driven  Multipolar  Dynamo 
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for  75  K.W.,  or  about  100  electric  horse-power,  at  275  revolu- 
tions, suitable  for  isolated  service.  There  are  six  sets  of  metal 
brushes  corresponding  to  the  six  poles.  These  brushes  are 
lield  in  a  star  fi*ame,  which  is  rotated  by  the  wheel  handle  W, 
situated  below  the  main  bearing  of  the  machine.  The  current 
is  canied  from  the  main  terminals  T,  T,  which  are  mounted 
on  slate  blocks  in  the  pedestal.  The  small  terminals  t,  t,  are 
for  connection  to  the  shunt-field  rheostat,  by  which  the  pres- 
sure at  the  terminals  of  the  machine  is  controlled.  The  con- 
nections of  the  machine  start  from  the  centre  of  the  pedestal 
and  are  accessible  through  the  grate  door  D.  The  accom- 
panying table  gives  the  dimensions  of  these  machines. 


I 


Fig.  49 — Armature  of  ** General  Electric"  Belt-Driven  Generator. 

It  is  interesting  to  observe  in  connection  with  the  above 
table  the  difference  in  weight  of  a  belt-driven  and  direct- 
driven  machine  of  the  same  power,  owing  to  their  difference 
in  speed.  Thus  a  25  K.  W.  direct-driven  armature,  running  at 
800  revs,  per  minute,  weighs  only  about  \Z%  less  than  a  50 
K.  W.  belt-driven  armature,  mnning  at  600  revs,  per  minute. 

Fig.  51,  shows  a  Westinghouse  Electric  and  Manufactur- 
ing Company's  type  of  belt-driven  generator,  suitable  for 
isolated  service.  These  machines  are  quadripolar,  with 
round  field-frames.     They  have  laminated  steel  pole-pieces. 
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Fig.  60— "Wood"  75  Kilowatts  Belt-Driven  Generator. 
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Table  of  Wood  Ck)NTiNUOUB-CuRRENT  Stbbl  Multifolab  OENEKAioiia 
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irou-^slad  ventilated  armatures,  and  carbon  brashes.  Bi,  Bt, 
are  the  conducting  bars  leading  to  the  series  or  coarse  wind* 
ing  of  the  field  magnets,  so  that  by  connecting  the  external 


Pig.  51**'  Westinghonse''  22  1-2  K.  W.  Multipolar  Generator. 

circuit  to  Bt,  the  armature  current  passes  through  this  series 
winding. 

The  field  rheostats  employed  with  these  machines  are  rep- 
resented in  Fig.  52.  The  smaller  rheostats  are  cylindrical  in 
form,  with  ventilated  cases  of  planished  iron.    For  large  sizes, 
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in  which  more  heat  has  to  be  111 
used,  the  parts  being  mounted  di 
The  amount  of  resistance  which 
shunt-winding  on  the  field-maj 
tion  of  the  rheostat  contact,  a 
the  right  or  left  a  greater  or  le^ 


Pig.  62— Field  Rheostats  foi 

eluded  in  the  circuit  as  shown 
sistance  of  the  coils  r,  r,  etc.,  is  i 
T,  T,  of  the  instrument.  By  t 
tion  opposite  to  that  of  the  hai 
in  the  circuit  is  diminished.  T 
junction    with   Fig.   54,  gives 


Digitized  by 


Google 


88 


Recent  Types  of 


of  these  four-pole  machines,  up  to  66^  kilowatts  output 
The  first  column  refers  to  their  use  as  motors  which  will  be 
subsequently  considered.  In  sizes  of  100  K.  W.  to  150  K.  W. 
inclusive,  six-pole  generators  are  employed. 

Large  belt-driven  Westinghouse  generators  are   usually 


Fig.  53 — Diagram  of  Klieostat  Connections. 

built  with  two  bearings  up  to  200  K.  W.  capacity,  and  are 
called  two-bearinff  generator.  In  sizes  of  250  K.  W.  and 
500  K.  W.,  they  are  usually  built  with  three  bearings,  the 
additional  bearing  being  between  the  pulley  and  the  arma- 
ture. These  are  called  three-bearing  generators.  The  princi- 
pal dimensions  of  these  machines  are  given  in  the  following 
tables,  that  will  be  understood  by  reference  to  Fig  64  which, 
however,  only  represents  a  two-bearing  generator. 

These  machines  have  field  windings  in  which  the  series 
coils  are  completely  separated  from  the  shunt  coils,  to  facili- 
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Pig.  64— Westinghouse  4-pole  Belt-Driven  Generators  up  to  56.25  K.  W.  Output 
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tate  ventilation,  and  repair  to  either  coil.  The  upper  half  of 
the  field  frame  can  be  lifted  and  removed  to  give  access  to 
the  armature. 

Fig.  56,  shows  the  Card  Electric  Company's  Belt-Driven 


Fig.  55— "Card"  100  K.  W.  Belt-Driven  Generator. 

100  K,  W.  generator.  This  is  a  compound -wound  quadri- 
polar  machine,  with  carbon  brushes.  It  has  two  base  ratchet 
levers  f^r  belt  tightening,  and  one  ratchet  lever  below  the 
pedestal  for  moving  the  field-frame.    By  the  use  of  this  ratchet- 
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lever  the  field-frame,  which  is  east  in  one  piece,  can  be  moved 
along  the  base,  and  by  removing  the  front  pedestal  can  be 
moved  entirely  clear  of  the  armature. 

Fig.  66,  shows  a  "  C  &  C  "  Electric  Company's  beltnlriven 
generator.     It  is  sextipolar  and  compound-wound. 

Fig.  57,  shows  an  Excelsior  Electric  Company's  multipolar 
belt-driven  genemtor,   compound-wound,  and   with   carbon 


Fig.  56— C.  &  C.  6-Pole  Generator. 

brushes.     The  dimensions  of  these  machines  of  the  slow-speed 
type  are  given  in  the  accompanying  table  : 

Fig.  68,  shows  a  100  K.  W.  generator  of  the  Triumph 
Electric  Company.  These  machines  are  quadripolar,  in  sizes 
from  }  to  45  K.  W.  inclusive,  and  sextipolar  in  sizes  of  60,  80, 
and  100  K.  W.  They  are  constructed  in  two  classes  ;  i.  e.,  for 
slow  speeds    and  for    moderate  speeds,  the   moderate-speed 
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Table  op  Dimensions  of  Slow  Speed  Belt-Driven  Generators  of 

THE  EXCEI^IOR  ELECTRIO  COMPANY. 


DDCBMSIONS. 

Amperes 

Weight 

Volts. 

Full  Load. 

Poiifidf 

Pulleys. 

Floor 

i 

H^P. 

K.-W. 

Speed. 

Diam. 

Face 

Space. 

8 

3. 

3.3 

700 

125,250,500 

17.5    8.75  4.87 

887 

6 

8 

18i   x80 

4 

5. 

8.75 

700 

125,250,500 

80.     15.      7.5 

511 

7 

4 

281    x80 

0 

7.5 

5.62 

700 

125.250,500 

45.    22.5  11.26 

704 

8 

6 

29     x88 

6 

10. 

7.5 

700 

125,250,500 

60.    80.     15. 

979 

9 

6 

80f    x88 

7 

15. 

11.25 

700 

125,250,500 

90.    45.     22.5 

1115 

10 

6 

84i   x41 

8 

20. 

15. 

700 

125,250,500 

120.    60.    80. 

1874 

12 

8 

44^x48 

9 

80. 

22.5 

700 

125,200,500 

180.    90.    45. 

1861 

15 

10 

48f   x48 

10 

45. 

88.75 

660 

125,250,500 

270.  185.    67.6 

8471 

20 

12 

62i    x54 

11 

60. 

45. 

660 

125,250,500 

860.  180.    90. 

8866 

26 

12 

64i   x64 

12 

85. 

65. 

600 

125,250,500 

620.  260.  180. 

5400 

26 

14 

67i   x54 

Fig.  67— Excelsior  6-Pole  Belt-Driven  Generator. 
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Pig.  59— "Short"  Belted  Type  of  Lighting  and  Power  Generator  of  the 
Walker  Company. 
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machines  having  roughly  about  50q/^  higher  speed  than  the 
slow-speed  machines  of  the  same  capacity. 

Fig.  59,  shows  a  Walker  Company's  quadri polar  belt-driven 
type  of  generator,  with   four  sets   of   brushes,  ratchet  belt- 


Pig.  68— Triumph  Electric  Company's  100  K.  W.  Generator. 

tightenei's,  and  iron-clad  armatures.  Fig.  60,  shows  with  the 
accompanying  table  the  dimensions  of  these  machines  and  their 
foundations. 
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Fig.  00 — Dimensions  of  "Short  "  Quadripolar  Belt-Driven  Generators. 
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Table  of  Dimensions  for  "Short"  Quadripolar  Belt-Driven 
Generators. 


K.W. 

50 

75 

100 

150 

HP 

67 

100 

135 

200 

SPEED 

900 

800 

750 

600 

WEIG-HT 

8300 

11000 

18660 

18300 

A 

18i 

14 

16 

18 

B 

17i 

18 

19} 

21} 

C 

251 

28 

80 

82} 

D 

50i 

54} 

61 

67i 

E 

« 

81 

8* 

8} 

P(Min.) 

60 

60 

72 

72 

G 

m 

10} 

10} 

10} 

H 

li 

1* 

U 

1} 

I 

45} 

48} 

61} 

56} 

J 

59 

62} 

68} 

75 

K 

44J 

49} 

56 

62} 

L 

12 

12 

14 

16 

M 

22 

22 

27} 

80 

K 

28} 

80} 

83} 

86} 

0 

20 

20 

24 

27 

P 

20 

20 

24 

27 

Q 

56 

56 

62 

70 

B 

40 

42 

47 

53 

S 

60 

64 

68 

75 
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Fig.  61,  shows  a  Western  Electric  Company's  belt-driven 
quadripolar  generator,  wound  for  120  volts,  240  volts,  and 
for  550  volts,  with  iron-clad  drum-armatures.  They  have 
four  sets  of  carbon  brushes,  and  are  compound-wound.  The 
accompanying  table  gives  the  principal  data  concerning  them. 


Pig.  61— *' Western  Electric"  Belt-Driven  Multipolar  Dynamo. 

For  small  bipolar  motora  and  generators  the  Western 
Electric  Company  use  the  type  of  machine  shown  in  Fig.  62. 
This  cut  shows  a  standard  motor  driving  a  generator  wound 
for  very  low  voltages  to  be  used  as  a  "  booster,"  or  for  charg- 
ing storage  batteries. 
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TABLE  OP  WESTERN  ELECTRIC  COMPANY'S  SLOW  SPEED  BELT-DRIVEN 
MULTIPOLAR  DYNAMOS. 


, 
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PS 

§ 
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I 

. 
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b* 
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S 

JU 

0* 

1 

nrcHBS. 
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INCHKS. 

nfOHKS. 

nVCHBS. 

\ 

4 

1900,120 

4.2 

220 

15 

18 

Sf 

17 

4 

2i 

tt 

2000  240 

2. 

tt 

it 

tt 

tt 

tt 

tt 

it 

it 

2200  550 

1. 

tt 

tt 

tt 

«« 

tt 

it 

tt 

3 

4 
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25 
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28f 

27i 

13t 

24f 

6» 

3* 

(t 

"    240 

12 

tt 

it 

tt 

it 

tt 

tt 

tt 

IC 

1200550 

5.5     " 

tt 

tt 

tt 

tt 

tt 

ti 

5 

4 
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25f 
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15i 
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8 

4 

it 
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tt 

it 

tt 

it 

tt 

tt 

t( 
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it 

tt 

9 
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75 
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9 

6i 

It 

tt 
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37 

ti 

tt 

tt 

it 

tt 

tt 

tt 

li 
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16 

ti 

tt 

tt 

it 

tt 

tt 

tt 

12 

4 
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41 

50 

20i 
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12 

7* 

It 

tt 
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50 

tt 

ti 

it 

tt 

ti 

it 

tt 

ti 
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550 

21 

tt 

tt 

it 

tt 

tt 

tt 

tt 

17 

4 
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53 

52 

m 

39J 

15 

9 

It 

tt 
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70 

it 

tt 

tt 

it 

ti 

tt 

tt 

tt 
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30 

it 

tt 

it 

tt 

it 

tt 

tt 

20 

4 

«50  120 
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41 

53i 

22i 

45 

16 

9^ 

4t 

*»    240 

85 

tt 

ti 

it 

ii 

it 

it 

tt 

it 
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36 

tt 

tt 

tt 

ii 

it 

tt 

tt 

30 

4 
t( 
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**    240 
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50 

it 

6H 

tt 

26 

ti 
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tt 
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ii 
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tt 
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tt 

ii 

** 

tt 
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70 

ii 

it 

it 

tt 

tt 

it 

it 
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74 

m 
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16 

ik 
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tt 

tt 

tr 

tt 
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it 

(i 
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90 

ti 

ti 

tt 

tt 

tt 

it 

it 

60   6 
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76 
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32 

16 

a 

**    240 

250.    " 

tt 

tt 

tt 

tt 

ti 

it 

4 

650  240 
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7500 

50 

73J 

274 

56J 

20 

18* 

1  »* 

14 
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110 

tt 

ti 

it 

ti 

it 

it 

ii 

75 

6 
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76 

71 
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32 

16 

tt 

tt 
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it 

tt 

it 

it 
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it 

ti 

4 
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34i 
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30 

19 

tt 

t» 
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tt 

tt 

ii 

it 

ii 

it 

tt 
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6 
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tt 

tt 

ti 
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Fig.  68,  represents  the  Keystone  Electric  Company's  belt- 
driven  type  of  generators  and  motors.  This  machine  has  four 
poles  and  four  sets  of  carbon  brushes.  The  iron-clad  arma- 
ture of  this  machine  is  shown  in  Fig.  64. 


Pig.  62—"  Western  Electric"  Bipolar  Dynamo. 

The  Siemens  and  Halske  Electric  Company's  multipolar 
belted  type  of  generator  is  represented  in  Fig.  65.  This  ma- 
chine has  its  field  magnets  of  the  square  iron-clad  type,  and 
employs  one  pair  of  carbon  brushes.  A  bipolar  generator  of 
the  Siemens  and  Halske  Electric  Company,  is  represented  in 
Fig.  66.  Here,  the  field  magnets  are  of  the  upright  type,  and 
are  so  shaped  that  there  is  a  greater  magnetic  attraction  on 
the  armature  in  the  upward,  than  in  the  downward  direction, 
so  as  to  reduce  the  weight  of  the  armature  in  its  bearings,  and 
thus  lessen  the  friction  of  rotation. 


"1 
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Fig.  63— Keystone  Electric  Company*8  Belt-Driven  Type  of  Genefatoc; 


..i^ 


K 


Pig.  64— Annatnre  for  "  Keystone  *'  Belt-Driven  Tjrpe  of  Generator. 
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Fig.  05 — Siemens  <ft  Halske  Belt-Driven  Multipolar  Generator. 
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Fig.  66— Siemens  &  Halske  Belt-Driven  Bipolar  Generator. 


G— Vol.  6 
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Fig.  67,  sJiovvs  a  vertical  bipolar  dyuamo  of  the  Commercial 
Electric  Company.  These  machiues  are  wound  for  110  volts 
and  500  volts.  Their  armatures  are  of  the  Gramme-ring  type 
and  are  surface-wound.  That  is  to  say,  the  wire  lies  on  the 
surface  of  the  armature  instead  of  being  buried  in  slots  in 
the  surface  of  an  iron-clad  armature.  One  of  these  armatures 
is  shown  in  Fig.  68.  The  armature  wires  are  firmly  bound 
upon  the  surface  of  the  armature  by  soldered  bauds  of  wire 


Fig.  67— ''Commercial  Electric  *•  Bipolar  D3rnamo. 

laid  over  mica  strips.  Fig.  69,  shows  a  Commercial  Electric 
Company's  quadripolar  dynamo,  compound-wound.  In  small 
sizes  this  can  be  erected  on  the  wall,  ceiling,  or  floor. 

Fig.  70,  shows  a  Crocker-Wheeler  Electric  Company's, 
size  225,  quadripolar  belt-driven  machine.  As  a  generator  it 
has  a  capacity  of  200  K.  W.  at  450  revolutions  per  minute. 
The  machine  has  three  bearings,  and  the  pedestals,  base  and 
lower  half  of  the  field  frame  form  a  single  iron  casting.  The 
poles  are  of  cast  steel,  cast  into  the  iron  field-frame.  The 
armature  is  wound  with  cable  conductors  fastened  to   the 
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commutator  by  locking  double  screws  without  solder.     The 
machine,  when  used  as  a  continuous-current  motor  has  a  ca« 


Pig.  68 — **  Coniinercial''  Gramme  \V\\\)^  Armature. 


Fig.  60—"  Commercial  "  Multipolar  Dynamo. 

pacity  of  225  H.  P.  at  450  revolutions  per  minute.  It  is 
wound  for  115,  230,  or  500  volts.  Its  shipping  weight  is  16 
tons. 
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Fig.  71,  shows  a  Westinghouse  Electric  and  Manufacturing 
Company's  "Type  6"  switchboard  for  two  62.5  K.W.  con- 
tinuous-current 126-volt  generatora  in  an  isolated  plant. 
It  is  a  marble  switchboard  with  five  panels,  A,  B,  C,  D,  E. 
A  and  B,  are  generator  panels,  one  for  each  of  the  two  gen- 
erators.   C,  is  a  voltmeter  panel.    D  and  E,  are  feeder  panels. 


Fig.  70 — Crocker-Wheeler  Quadrlpolar  Belt-Driven  Dynamo. 

Panels  A  and  B,  cai-iy  the  main  generator  switches  S,  S', 
circuit  breakera,  or  automatic  overload  switches  O,  O',  field 
rheostats  F,  F',  and  generator-circuit  ammeters  M,  M'.  Panel 
C,  carries  two  voltmeters  V,  V,  one  for  indicating  the  pres- 
sure at  the  bus-bars,  and  the  other  for  indicating  the  pressure 
of  either  generator.  Panels  D  and  E,  each  carry  six  double- 
pole  switches  for  the  control  of  as  many  separate  circuits 
iv^Pd  the  bus-bars. 
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A  switch-board  of  this  type  is  frequently  employed  in  a 
large  building,  such  as  a  hotel,  where  the  night  load  may  call 
for  two  generators,  while  the  day  load  only  demands  one. 
Each  floor,  or  group  of  rooma,  may  be  controlled  by  a  sepairate 


Fig.  71— •*  Westinghouse"  Type  5  Switchboard. 

feeder  switch  on  the  panels  D  and  E,  through  fuses  f,  f,  a  pair 
of  such  fuses  being  connected  with  each  switch. 

Fig.  72,  shows  the  back  of  this  switchboard.  Three 
main  conductors  come  from  the  compound-wound  genemtors 
to  each  of  the  generator  panels  A  and  B.  The  negative  ter- 
minal brushes  are  connected  to  P,  P';  the  positive  terminals, 
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including  the  series-field  coils  to  N,  N',  and  the  positive 
broBhes,  or  junction  between  series-field  and  armature,  to 
n,  n',  respectively.  When  the  main  switches  are  closed,  P 
and  P^  are  connected  to  the  upper  bus-bar  U,  through  con*^ 


Fig.  72— Rear  View  of  Switchboard  in  Fig.  71. 

nections  between  p  and  p",  also  p'  and  p'"  not  shown,  con- 
taining strip  resistances,  the  drop  of  pressure  in  which  server 
to  operate  the  ammeters  M ,  M'.  Connection  is  maintained 
between  p"  and   u,   also  between  p'"  and  u',  through  auto- 
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matic  circuit  breakers,  O,  O',  which  interrupt  these  circuits 
should  the  currents  passing  through  them  become  excessive. 


Fig.  73 — A  Wcstingliouse  Isolated  Plant  Switchboard. 

The  closure  of  the  main  switches  also  puts  the  terminals 
N  and  N',  in  connection  with  the  lower  bus-bar  L,  L.  L', 
1«\  is  a  sepai-ate  short  bus-bar,  called  the  equalizing  bar,  con- 
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necting  n  and  ii',  through  the  middle  blades  of  the  main 
switches. 

All  the  feeder  switches  on  panels  D  and  E,  are  supplied 
from  the  upper  and  lower  bus-bai-s  at  their  upper  jaws,  while 
the  circuit  wires  are  connected  to  terminals  t,  t',  taken  from 
beneath  the  fuses.  I,  I,  I,  are  groups  of  insulatois  through 
which  the  various  conductoi-a  are  led.  R,  R',  are  the  field- 
rheosUit  boxes.  S^  is  a  small  switch  for  lighting  up  the  pilot 
lamps. 

A  Westinghouse  Electric  and  Manufacturing  Company's 
isolated  plant  switchboard  for  two  37.5  K.W.  125-volt  gen- 
eratoi-s,  and  five  200-ampere  feedei-s  is  shown  in  Fig.  73. 
Here  the  outside  panels  are  devoted  to  the  generators  and 
the  middle  panel  to  the  feeders. 

In  setting  up  a  belt-driven  generator,  the  same  degree  of 
care  is  not  required  with  the  foundation  as  with  a  direct-coupled 
genei-ator,  since  the  engine  foundation  is  independent  of  the 
dynamo  foundation.  The  dynamo  foundation  may,  therefore, 
be  laid  at  any  time  subsequent  to  the  Laying  of  the  engine 
without  any  difficulty.  Small  belt-driven  machines  run  upon 
steel  ways,  which  in  tlieir  turn  rest  on  wooden  base  frames 
bolted  to  the  floor.  Larger  machines  are  supported  on  brick 
foundations  of  the  type  shown  in  Fig.  60. 

In  any  engine  room  employing  horizontal  belts,  it  is  always 
good  practice  to  place  by  the  side  of  the  belt,  a  hand-iail  of 
wood  or  iron  in  such  a  position  as  to  prevent  persons  from 
approaching  the  moving  belt  too  closely. 

In  removing  a  generator,  either  of  the  direct-driven  or 
belt-driven  type,  from  its  circuit,  the  main  switch  is  first 
opened,  thereby  breaking  the  external  circuit.  The  field 
switch  may  then  be  opened,  thereby  breaking  the  field  circuit; 
or,  the  field  switch  may  be  left  closed  until  the  machine  has 
come  to  rest.  But  the  brushes  should  in  no  case  be  lifted  until 
the  armature  has  come  to  rest ;  or,  at  least  until  after  the  field 
circuit  has  been  broken. 
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CHAPTER  IV. 

CONTINUOUS-CUKRENT  CENTRAL-STATION   GENERATORS. 

Central-station  continuous-current  genemtors  are 
nearly  always  installed  either  for  600-volt  electric  railroad 
supply,  or  for  140-volt  incandescent  lighting  and  motor  sup- 
ply. Both  of  these  classes  of  generators,  in  modern  types, 
are  almost  always  direct-connected,  for  tlie  reason  that 
they  have  to  be  arranged  for  economy  of  space  and  operation 
in  comparatively  large  units,  and  these  large  units  are  most 
conveniently  driven  by  direct  coupling  to  the  engine  shafts. 
The  typical  modern  central-station  generator  is  directly  driven 
by  a  large  compound  engine,  although  a  turbine  is  often  em- 
ployed where  water-power  is  commercially  available.  At 
full  load  the  efficiency  of  large  generator  units  in  which  all 
frictions  are  reduced  to  a  minimum  by  the  use  of  the  minimum 
number  of  bearings,  is  quite  high,  approximatinjr90  per  cent. 
That  is  to  say,  the  electric  horse-power  delivered  by  the  dynamo 
at  its  terminals,  as  reckoned  from  the  volts  multiplied  by  the 
amperes  and  divided  by  746,  differs  by  about  ten  per  cent 
from  the  indicated  horee-power  of  the  steam  engine  directly 
coupled  to  the  same.  Thus,  a  550  K.  W.  500-volt  generator, 
will  deliver  1,000  amperes  at  a  pressure  of  550  volts.     This 

represents  — =j^ —  =  737.3  E.  H.  P.     If  the  indicated  horae- 

power  at  the  engine  is  838,  the  efficiency  of  the  generating 

737  3 
unit  is         '^  •  =  0.88,  or  88%  ;  representing  a  total  loss  of  about 

ooo 

101  horse-power,  or  12%,  in  mechanical  and  electrical  fric- 
tions through  the  engine  and  generator.  But  at  no  load,  the 
frictions  would  not,  probably,  fall  below  65  H.  P.  Conse- 
quently, at  a  very  small  output,  the  relative  loss  in  friction 
would  be  high,  corresponding  to  a  low  efficiency. 
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A  direct-connected  dynamo  of  the  Westinghouse  Electric 
and  Manufacturing  Company  is  shown  in  Fig.  74.  This  dy- 
namo is  intended  to  supply  current  at  660  volts  pressure,  so 
as  to  maintain  a  pressure  of,  approximately,  600  volts  at  the 
ti'oUey  wires,  as  is  required  in  railway  work,  and  is,  therefore, 
called  a  railway  generator.     The  machine  has  10  poles  and 


Fig.  74 — "Westinghouse"  Direct-Connected  Railway  Generator. 

10  sets  of  carbon  brushes.  It  is  mounted  on  the  engine  shaft 
close  to  the  large  fly-wheel  FF,  the  spokes  of  which  are  not 
visible,  since  the  photogi-aph  was  taken  with  the  machine  in 
motion.  Tlie  brush-holder  circle  is  set  and  adjusted  by  the 
wheel  W,  supported  from  the  field  frame  MM. 
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Fig.  75 — Dimensions  of  *' Westingliouse  "  Direct-Connected  liailway  Generator. 
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The  dimensions  of  these  machines  in  standard  sizes  is 
shown  in  Fig.  75  and  76,  in  connection  with  the  accompany- 
ing table. 

It  will  be  seen  that  the  speed  of  rotation  varies  from  100 
to  75  revolutions  per  minute,  and  the  output  from  5  to  7.5 
watts  per  pound  of  weight.  The  field  frames  are  divided  into 
two  vertical  halves,  for  convenience  of  access  to  the  armature, 
the  lialves  being  capable  of  separation  by  keys  and  ways,  as 
already  explained  in  connection  with  direct^riven  250-volt 
generatora.  The  field  magnets  are  compound-wound,  and 
the  machines  are  over-compounded  10%,  from  no  load  to  full 


Fig.  76— Dimensions  of  **  Westinghouse"  Direct-Connected  Railway  Generator. 

load,  so  that  the  pressure  tends  to  increase  instead  of  deciease 
with  increase  of  load.  That  is  to  say,  the  series-wound  coils 
have  a  preponderating  influence  upon  the  pressure  generated 
by  the  machines. 

Fig.  77,  sliows  a  Westinghouse  Electric  Company's  500- 
K.W.  continuous-current  belt-driven  Railway  generator,  com- 
pound-wound for  550  volts. 
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Fig.  78,  represents  a  Siemens  and  Halske  500  K.W.  direct- 
connected  railway  generator,  having  six  poles  and  six  sets  of 
brushes.  Here,  as  in  the  form  alread}'^  illustrated  in  Figs.  6 
and  7,  the  armature  revolves  outside  the  fixed  field  fi-ame. 


Fig.  77— A  **  Westlnghouse"  500  K.W.  Direct-Current  Belt-Driven  RaUway 

Generator. 


and  the  armature  conductors  form,  on  the  outside  of  the  arma- 
tuie,  the  commutator  upon  which  tlie  brushes  rest-  a  and  b, 
are  the  main  conductoi*s  passing  through  insulatoi-s  through 
the  floor  to  the  switch-board. 

Fig.  79,  shows  a  Walker  Company's  direct-connected  800 
K.  W.  railway  genenitor,  having  12  poles.  A  t  550  volts  the 
full  load  of  this  machine  will  be  1,455  amperes.     Tlie  details 
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of  construction  of  this  machine  are  represented  in  Fig.  80. 
It  will  be  seen  that  the  field  frame  rests  upon  two  ped- 
estals of  masonry,  having  a  pit  between  them,  In  this  pit 
descend  the  field  fmme  and  the  fly-wheel.  12  sets  of  four 
carbon  brushes  rest  upon  the  commutator,  and  the  brush-holder 
circle  is  adjusted  by  the  hand  wheel.     The  armature  is  barrel- 


Pig.  81— Walker  Company  "Short"  800  K.W.  Railway  Armature  Winding. 

wound,  with  formed  copper  bara  as  represented  in  Fig.  81. 
The  pole-pieces  are  formed  of  laminated  iron  plates,  assembled 
together  as  shown  in  Fig.  82.  The  yoke  is  then  cast  around 
the  dove-tailed  projections,  so  as  to  hold  them  securely  and 
effect  good  magnetic  union.  A  deep  slot,  as  at  S,  extends 
through  all  the  plates  and,  therefore,  through  the  entire  pole 
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pieces  with  the  exception  of  the  external  plates,  for  the  pur- 
pose of  preventing  an  over-crowding  of  magnetic  flux  at  the 
forward  polar  edges.  The  dimensions  of  these  machines  and 
their  foundations  is  shown  in  Fig.  83,  and  its  accompanying 
table  in  Fig.  83  A. 

Fig.  84,  shows  a  General  Electric  Company's  standard  12- 
pole,  1,300  K.  Wm  75-revolution,  600-volt  i-ailway  generator, 


Fig.  82— Walker  Company  "Short"  Assembled  Pole  Pieces. 

with  the  engine  and  fly-wheel  immediately  behind  it.  Here 
there  are  12  sets  of  6  brushes  resting  on  the  commutator. 
The  copper  strips  connecting  the  series  windings  with  the 
field  magnet  coils,  are  visible  between  the  magnetic  poles. 

Fig.  85,  shows  with  its  accompanying  table,  the  dimensions 
of  the  General  Electric  Company's  direct-driven  railway 
genemtors. 
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A  General  Electric  Company's  12-pole,  1,500  K. W.  75-revo- 
lutions-per-minute,  550-volt  railway  generatx^r,  is  shown  in 
Fig.  86,  directly  connected  to  a  vertical  type  of  driving  engine 
Here,  the  field  frame  has  a  metal  cover  to  protect  the  arma- 
ture and  carbon  brushes  from  oiL 


Pig.  84— A  "General  Electric"  12-Pole  1300  K.  W.  Railway  Generator. 

Fig.  87,  shows  a  Jirect-driven  8-pole,  100  K.W.  generator 
suitable  for  central-station  service  on  Edison  three-wire  cir- 
uits,  supplying  a  maximum  of  140-volts.  Such  a  machine 
can,  therefore,  supply  about  1,700 16-candle-power  incandescent 
lamps.  This  machine  has  no  sepamte  commutator  but  the 
armature  conductoi^s  are  bared  of  insulating  material  on  one 
side  of  the  armatiiie,  which  is  then  turned  off  smooth,  so  as 
to  form  a  side  commutator.  These  machines  are,  as  a  rule, 
intentionally  not  compound-wound,  and  therefore,   are  not 
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self-regulating  beyond  certain  limits.  The  reason  for  this  is, 
that  the  pressure  they  supply  has  to  be  carefully  adjusted  to 
to  meet  Incandescent-Light  Central-Station  requirements. 
Their  pressure  is  adjusted  by  hand  with  the  use  of  a  field 
rheostat.  The  brushes,  of  which  there  are  8  paire,  are  of 
copper  gauze.  The  brushes  are  carried  on  brush-holder  arms 
supported  on  a  circle  which  is  rotated  within  a  limited  range 
by  the  hand-wheel  W,  while  the  brushes  can  be  all  lifted  or 


Fig.  86— "General  Electric"  12-Pole  1500  K.  W.  Direct-Driven  Railway 

Generator. 

all  depressed   by  the  lever  L.     T,  T,  are  the  main  terminals 
of  the  machine. 

A  still  more  recent  type  of  General  Electric  Company's 
smooth-core  multipolar  Direct-Driven  Generator  is  seen  in 
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Fig.  87  A.     This  machine  is  directly  connected  to  a  vertical 
engine  and  employed  for  electric  milway  service. 

The  generators  shown  in  Fig.  87  and  87  A,  are  most  fre- 
quently employed  on  the  Edison  three-wire  system  and  are, 
therefore,  usually  arranged  in  paii-s,  for  the  reason  that  in  this 
system  the  lamps  are  fed  from  general  ore  in  pairs,  connected 
in  series,  as  shown  in  Fig.  88,  where  the  generator  A,  has  ita 
negative  pole  connected  to  the  positive  pole  of  the  generator 
B.  The  positive  pole  of  the  generator  A,  is  then  connected  to. 
the  positive  bus-bar  P,  of  the  station,  while  the  negative  pole 


Pig.  87—**  General  Electric"  8-pole  100  K.  W.  Direct-Driven  Generator  for 
Edison  System  Incandescent  Lighting. 

of  the  generator  B,  is  connected  to  the  negative  bus-bar  N,  of 
the  station.  The  junction  between  thcj  two  dynamos  A  and  B 
is  connected  to  the  neutral  bus-bar  of  the  station  marked  ±  in 
the  figure.  Under  these  conditions,  if  each  generator  pro- 
duces at  its  terminals  a  pressure  of  120  volts,  there  will  be 
120  volts  between  P,  and  O,  and  120  volts  between  O  and  N, 
and,  therefore,  240  volts  between  the  outside  conductors  P 
and  N.  The  bus-bars  are  connected  to  Jis  many  paii*s  of 
generator  in  the  station  as  are  necessary  to  carry  the  load 
on  the  system,  while  the  lamps  on  the  system  are  distributed 
evenly  between  the  positive  and  neutral  main,  and  between 
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the  negative  and  neutral  main,  so  that  the  load  on  the  posi- 
tive generator  or  generator  shall  be  as  nearly  equal  as  pos- 
sible to  the  load  on  the  negative  generator  or  generators. 
Only  a  comparatively  small  current  returns  as  an  equalizing 
current  to  the  central  station  by  the  neutral  conductor. 
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F!g.  8S— Connection  of  Pair  of  Generaton  In  8-Wlre  Central  Station. 


A  pair  of  400  K.  W.  generators  of  this  type,  directly  con- 
nected to  a  vertical  triple-expansion  compound-condensing 
engine  is  represented  in  Fig.  89.  In  order  to  supply  400 
K.W.  in  each  of  these  two  genei-ators,  at  full  load,  the  engine 
has  to  supply  800  K.W.  in  addition  to  the  electrical  losses  of 
the  generatore,  or  say  850  K.W.  in  all.  One  of  these  genera- 
tors is  connected  between  the  positive  and  the  neutml  bus- 
bars, while  the  other  is  connected  between  the  negative  and 
the  neutnil  bus-bara,  so  that  both  generators  are  brought  into 
service  together,  but  on  opposite  sides  of  the  system. 

Fig.  90,  shows  a  General  Electric  Company's  110  K.  W. 
beltrdriven  generator  for  500-volt  milway  service. 

Fig.  91,  shows,  with  the  accompanying  table,  the  dimen- 
sions of  the  General  Electric  Company's  belt-driven  railway 
generators. 
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Pig.  87  A—"  General-Electric"  Company's  Direct-Driven  Generator. 
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Fig.  8»— A ''General 
Electric**  Direei- 
Ck>npled  Pair  cT 
Dynamos. 


Fig.90— •' 


5»  Beli-DriTen  6-110-100  Railway  Generator. 
I— Tol.  6 
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It  is  important  that  both  a  railway  generator  and  a  central 
station  incandescent  generator  should  have  a  large  reserve 
of  power  for  occasional  overloads.  The  emergencies  which 
arise  both  in  railroad  and  lighting  service,  are  such  that  an 
overload  of  25%  may  have  to  be  carried  for  one  or  two  houi*s. 
It  sometimes  happens  that  a  large  railway  generator  carries  50% 
overload  for  this  length  of  time,  and  without  undue  sparking. 

Fig.  92,  shows  the  power  house  of  the  Baltimore  &  Ohio 
R.  R.  Co.,  at  Baltimore,  Md.,.  with  four  General  Electric 
Company's  500-K.W.  direct-driven  railway  generators,  con- 
nected to  tandem  compound  condensing  engines,  for  operating 
the  electric  locomotives  in  the  Baltimore  tunnel. 

Fig.  93,  shows  a  General  Electric  Company's  standard  rail- 
way switch-board,  having  six  panels.  A,  B,  C,  D,  E  and  F. 
A  and  B,  are  generator  panels.  C,  is  a  collecting  panel.  D 
and  E,  are  feeder  panels.  Two  independent  generatoi*s  are 
connected  to  A  and  B,  respectively,  the  A-generator  being 
smaller  than  the  B-genemtor.  Each  of  these  two  panels  has 
a  pair  of  main  single-pole  switches  for  closing  the  circuit  of 
the  generator,  a  smaller  single-pole  switch  for  closing  the 
field-circuit,  and  a  shunt-field  rheostat  handle  r,  for  control- 
ling the  current  strength  passing  through  the  shunt-field  cir- 
cuit, and  thus  regulating  the  pressure.  When  the  first  gen- 
erator, say  connected  with  B,  is  brought  into  action,  it  is  first 
brought  up  to  speed,  then  its  field  switch  is  closed,  allowing 
the  machine  to  self-excite.  The  voltmeter  V,  is  then  con- 
nected with  the  armature  terminals  by  placing  the  contact 
handle  v,  in  the  B  receptacle.  This  causes  the  voltmeter  V 
to  indicate  the  pressure  generated  by  the  armature.  This 
pressure  is  adjusted  to  500  volts  by  means  of  the  rheostat  r. 
The  two  main  switches  are  then  closed.  The  generator  is 
now  connected  to  the  bus-bars  through  the  ammeter  A',  and 
the  circuit-breaker  C,  of  panel  B.  If  all  i\\Q  feeders  \  i.  e. 
conductor  cariying  the  current  to  the  different  sections  of 
trolley  wire,  are  disconnected  from  the  bus-bai*s,  the  generator 
B,  does  not  yet  supply  any  current,  so  that  ammeter  A',  still 
indicates  zero.     If  now  the  single-pole  switch  on  panel  D,  is 
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closed,  the  feeder  connected  with  it  is  brought  into  connec- 
tion with  the  trolley  bus-bar,  usually  the  negative  bus-bar. 
The  current  from  generator  B,  under  full  working  pressure  j 
i.  e.  500  volts,  now  passes  through  ammeter  A^  circuit  breaker 
C,  to  panel  C,  ammeter  A^  wattmeter  W,  to  panel  D,  switch, 
ammeter  a,  and  circuit  breaker  C,  to  feeder,  returning 
through  the  car  and  by  the  track  or  ground  feeders. 

The  two  other  feeders  connected  to  panel  E,  are  then 
closed,  the  current  being  now  distributed  to  the  trolley  sys- 
tem through  three  feeding  points.  The  bus-bar  pressure  is 
finally  raised  to,  say  560  volts,  in  order  to  maintain  500  volts 
at  the  trolley. 

When  it  is  necessary  to  add  the  other  generator  A,  it  is  first 
brought  up  to  speed.  The  equalizer  switch,  placed  near  the 
machine,  and,  therefore,  not  shown  on  the  switchboard,  is 
closed,  thereby  connecting  the  series-winding  of  A,  in  parallel 
with  the  series-winding  of  B.  The  circuit  breaker  C,  of  panel 
A,  is  then  closed  by  hand.  The  left  hand  or  positive  switch  S, 
is  then  closed,  thereby  grounding  the  positive  terminal  of  the 
armature.  The  field  switch  is  then  closed  and  the  machine 
allowed  to  excite,  and  its  pressure  is  regulated  by  adjusting  the 
rheostat  r,  with  voltmeter  V,  and  receptacle  v.  As  soon  as 
the  pressure  of  A,  is  practically  equal  to,  or  very  slightly  in 
excess  of  bus-bar  pressure,  say  560  volts,  the  right-hand  or 
negative  main  switch  S,  is  closed,  thereby  connecting  the 
negative  terminal  of  the  armature  to  the  trolley  bus-bar. 
Since  the  armature  pressure  is  almost  equal  to  the  bus-bar 
pressure,  very  little  current  flows  through  machine  A.  By 
raising  the  pressure  of  A,  with  rheostat  v,  some  of  the  load 
is  transferred  from  generator  B,  to  generator  A.  Both  am- 
metera  a'  and  A',  supply  current  to  the  main  ammeterA  \ 
and  wattmeter  W.  Consequently,  the  sum  of  the  readings 
of  the  ammeters  on  the  generator  panels  A,  B,  should  be 
equal  to  the  sum  of  the  readings  of  the  arametei-s  on  the 
feeder  panels  D,  E,  and  should  be  indicated  on  the  collecting 
ammeter  A^.  The  recording  wattmeter  W,  records  the  total 
amount  of  energy  supplied  to  the  system  in  kilowatt-hours 
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If  either  of  the  generators  A  or  B,  should  become  over- 
loaded, say  75%,  the  magnetic  circuit  breaker  C,  of  that  panel 
will  release,  and  open  the  circuit.  Similarly,  if  a  short  circuit 
should  occur  on  feeders  D,  E,  their  circuit  breakers  would 
automatically  disconnect  them.  Connection  at  the  circuit 
breaker  is  re-established  by  the  attendant  through  the  move- 
ment of  the  handle.    If  a  circuit  breaker  on  a  feeder  repeat- 


Fig.  94.  Pig.  05. 

Figs.  94and95— **G^eneral  Electric"  Automatic  Electric  Circuit-Breaker. 

edly  opens,  some  fault  is  indicated,  and  a  repair  wagon  has 
to  be  sent  out. 

The  General  Electric  Company's  automatic  circuit-breaker 
is  shown  in  Fig.  94.  T,  T',  are  the  terminals.  The  current 
entering  at  T,  passes  around  a  massive  coil  C,  to  the  projec- 
tion a.  When  the  handle  H,  is  set,  contact  is  established  be- 
tween a,  and  the  projection  b,  of  terminal  T',  through  stiff 
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metallic  brushes  rigidly  connected  with  H.  If  the  current 
strength  becomes  excessive,  the  electromagiietic  coil  C,  at- 
tmcts  the  armature  over  it,  against  the  tension  of  the  spiral 
spring  s.  This  trips  the  handle  H,  and  allows  it  to  fly  up, 
thereby  interrupting  the  circuit  at  a  and  6.  This  would  pro- 
duce a  violent  flash  or  arc  at  these  points,  if  it  were  not  for 
the  fact  that  an  auxiliary  contact  is  maintained  in  the  head 
H,  of  the  apparatus  through  a  shunt-circuit,  for  a  brief  inter- 
val after  contact  is  broken  at  a  and  b.    The  shunt-circuit 


Klg.  96.  Fig.  97. 

Figs.  96  and  97 — **  Westlnghouse  "  Automatic  Circuit-Breaker. 

comprises  a  pair  of  electromagnets,  so  placed  that  the  aux- 
iliary contact  breaks  between  their  poles.  The  arc  formed 
at  breaking  is  thus  magnetically  extinguished  or  blown  out. 
The  small  handle  h,  is  for  mechanically  tripping  the  handle 
H,  to  open  the  circuit  at  will,  as  well  as  to  test  the  apparatus, 
^nd  to  see  that  it  is  in  working  order.  The  auxiliary  conflict 
should  not  break  until  the  main  contact  is  half  an  inch  open. 
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The  auxiliary  contact  should  be  examined  from  time  to 
time,  both  to  see  that  it  is  in  good  order,  and  to  remove  any 
accumulation  of  carbonized  material.  The  main  contacts  at  a 
and  b,  should  also  be  inspected  occasionally. 

The  form  of  circuit-breaker  shown  in  Fig.  95,  differs  only 
from  that  shown  in  Fig.  94,  in  the  fact  that  the  main  ter- 
minals are  farought  out  at  the  back  of  the  instrument. 

¥vg.  96,  shows  a  Westinghouse  automatic  circuit-breaker 
open,  and  Fig.  97,  shows  the  same  closed.  Here  a  metallic 
bridge  B,  closes  a  circuit  between  two  clips  A  and  C.  When 
the  current  becomes  excessive,  the  coil  L,  included  in  the 
circuit,  releases  a  detent  allowing  the  handle  H,  to  fly  out- 
wards under  the  action  of  a  spring.    The  arc  is  not  formed 


¥ig,  96— Part  of  the  Switchboard  at  a  Central  Station  of  the  Boston 
£dison  Illuminating  Company. 

at  the  spring  clips  but  at  the  carbon  points  and  plates  p,  p, 
P,  P,  where  the  contact  is  last  broken.  These  carbon  points 
are  readily  replaced  when  burned. 

Fig.  98,  shows  part  of  the  switchboard  at  a  Central  Station 
of  the  Boston  Edison  Illuminating  Company,  as  constructed 
by  the  General  Electric  Company.  Here,  three  generating 
panels  are  shown  on  the  right-hand  side,  one  collecting  panel 
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in  the  centre,  and  five  feeder  panels  on  the  left-hand  side. 
Since  the  Edison  System  is  a  three-wire  system,  there  are,  as 
already  explained  on  page  135,  two  generators  to  each  unit ; 
so  that  each  generator  panel  has  two  shunt  rheostats  R,  R', 
two  main  switches  S,  S',  and  two  ammeters  A  A'. 


Fig.  99— Switchboard  of  tlie  Edison  Electric  Light  Company  of  Sac 
Francisco,  Cal.,  built  by  the  Greneral  Electric  Company. 

Fig.  99,  shows  the  switchboard  of  the  Edison  Electric  Light 
Company  of  San  Francisco,  Cal.  This  board  is  nearly  60  feet 
long,  9  feet  wide  and  8  feet  high.  It  is  a  three-wire  board, 
the  generating  panels  being  in  the  centre,  and  the  feeder 
panels  at  the  ends. 

Fig.  99  A,  shows  a  Western  Electric  Company's  switch- 
board for  a  large  isolated  incandescent  lighting  plant.  It  has 
three  large  panels,  the  central  panel  being  for  the  generators, 
and  the  outside  panels  for  the  distributing  circuits.  The 
generator  panel  has  six  three-bladed  switches,  one  of  which 
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only  is  closed  in  the  iigure.  Two  of  the  blades  of  these 
switches  connect  the  positive  and  negative  terminals  of  the 
genemtor  with  the  positive  and  negative  bus-bai-s  respectively, 
while  the  third  blade  connects  the  armature  terminal  attached 
to  the  series  coil,  with  the  equalizing  bus.  Immediately  be- 
low these  main  switches,  are  the  circular  handles  of  the 
generator  field-regulator  rheostats  for  controlling  the  pressure 
of  the  generators.  Immediately  over  the  main  switches,  are 
the  generator  field-switches,  while  at  the  top  of  the  panel  are 
ammeters  and  voltmetera. 


Jng.  w  B— western  Jiiectric  switchDoard.     (Kear  View.) 

The  back  of  the  generator  panel  is  seen  in  Fig.  99  B» 
Here  the  copper  bus-bai-s  are  seen  at  the  top.  The  enamel 
rheostats  for  field  regulation  are  supported  beneath  them. 

In  operating  direct-driven  generators  it  is  important  that 
no  oil  from  the  engine  bearings,  or  from  the  engine,  should  be 
thrown  upon  the  commutator.  Oil  guards  should  be  erected 
where  necessary  as  in  Fig.  86.  The  commutator  shoald 
always  be  kept  clean  and  smooth,  since  any  irregularities  in 
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the  surface  tend  to  grow  worse  during  use.  When  necessary, 
a  small  quantity  of  vaseline  may  be  applied  to  the  surface  of 
the  commutator  with  a  cloth ;  or,  if  the  surface  is  rough,  it 
may  be  smoothed  by  the  application  of  fine  sand-paper,  after 
the  brushes  have  been  lifted.  If  too  rough  to  be  cured  by 
this  treatment,  it  should  be  trued  up  by  a  special  tool. 
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CHAPTER  V. 

CENTRAL-STATION   ARC-LIGHT   GENERATORS. 

Many  arc  lamps  are  operated  from  constant-potential  mains 
on  incandescent  lighting  circuits,  as  shown  in  Fig.  100.  Here, 
P  and  N,  are  the  positive  and  negative  incandescent  mains  ;  1, 
1, 1,  incandescent  lamps.  A,  is  an  arc  lamp  suitable  for  connect- 
ing across  the  mains  ;  while  a,  a,  are  two  arc  lamps  in  series 
arranged  for  connection  across  the  main3.  Circuits,  however, 
on  which  arcs  are  installed  solely,  almost  invariably  employ  the 


Fig.  100 — Arc  Lamps  Operated  from  Incandescent  Lamp  Mains.  \ 

series  connection  as  represented  in  Fig.  101,  where  the  current 
is  seen  to  pass  through  all  the  lamps  in  succession.  Since 
each  2,000  candle-power  arc  lamp  usually  requires  nearly  50 
volts  (47),  and  nearly  10  amperes  (9.6)  ;  or,  actually,  nearly 
450  watts,  it  is  evident  that  with  the  series  system,  the  pressure 
supplied  at  the  terminals  of  the  dynamo  must  increase  by, 
roughly,  50  volts  for  every  arc  lamp  in  the  circuit.  In  order 
that  a  number  of  series-connected  arc  lamps  shall  operate 
properly,  the  current  which  passes  through  them  must  be 
constant.  Consequently,  the  generator  must  automatically 
control  the  current  strength  it  delivers,  by  increasing  or  de- 
creasing its  voltage  according  to  the  number  of  lamps  oper- 
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ated  in  the  circuit,  and  their  NV^.King  erudition.  If  an  addi- 
tional lamp  should  be  introduced  into  the  circuit,  the  tendency 
would  be  for  the  current  supplied  by  the  machine  to  fall.  A 
device  connected  with  the  generator,  and  called  the  regulatory 
is  so  adjusted  automatically,  that  as  soon  as  the  cun-ent  com- 
mences to  fall,  it  altei-s  the  position  of  the  brushes  resting 
upon  the  commutator,  and  places  them  in  such  a  position  as 
to  increase  the  electromotive  force  or  pressure  supplied  bj'' 
the  machine,  and  thereby  to  restore  the  current  strength  to 
its  normal  amount.     In  the  same  way,  should  a  lamp  be  with- 


Fig.  101— Diagram  of  Series  Arc-Light  Circuit. 

drawn,  or  the  current  become  excessive  from  any  other  cause,, 
the  regulator  causes  the  brushes  to  move  over  the  commuta- 
tor in  the  opposite  direction,  until  the  pressure  generated  by 
the  machine  has  fallen  to  such  a  point  that  the  original  cur- 
rent strength  is  restored. 

Fig.  102,  represents  a  Western  Electric  80-light  belt^riven 
arc-light  generator.  P,  is  the  main  pulley  which  drives  the 
armature.  There  are  two  magnet  coils  M,  M,  the  machine 
being  bipolar,  having  its  two  poles  at  N  and  S,  respectively. 
Between  these  poles  runs  the  armature  A,  with  its  commutator 
c.     A  pair  of  brushes  rest  on  the  commutator,  one  above  and 
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one  below,  opposite  to  each  other.  The  rocker  arm  may  have 
its  position  determined  either  by  hand,  under  the  influence 
of  the  handle  H,  or,  as  is  usually  tlie  case,  automatically  under 
the  control  of  the  regulator  R. 

The  regulator  is  an  electromagnetic  mechanism  placed  in 
the  maiu  circuit  of  the  generator,  and,  therefore,  travei'sed 


Fig.  102— Western  Electric  Type  F,  Arc-Light  Generator. 

by  the  total  current,  which  should  be  maintained  at,  approxi- 
mately, 10  amperes.  The  regulator  is  mechanically  operated 
by  a  small  belt  running  from  the  pulley  />.  If  the  current 
strength  is  normal,  the  regulator  remains  idle,  but  if  the  cur- 
rent should  increase,  the  rod  R,  is  caused  to  move  in  the  o^)- 
posite  direction  and  thereby  to  rotate  the  rocker  arm  into  a 
more  nearly  horizontal  position.  When  the  bruslies  are 
nearly  vertical,  the  generator  delivers  its  minimum  voltage, 
which  is  only  a  few  hundred    volts.     The    machine,  there 
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fore,  always  adjusts  automatically  for  constant  current,  which 
is  usually  nearly  10  amperes,  (9.6).  The  main  terminals 
are  led  to  the  arc-light  circuit,  through  the  switch-board.  Be- 
tween them  is  a  lightning  arrester^  or  a  device  for  protecting 
the  field  and  armature  coils  from  the  high  pressure  of  a 
lightning  discharge.  It  consists  of  a  pair  of  carbon  points, 
situated  opposite  a  vertical  carbon  plate,  which  is  connected 


Fig.  103 — Armat'ire  Core  of  **  Western  Electric"  Arc  Generator  ready  for 

VViniliiig. 

to  ground.  Should  a  lightning  discharge  occur  between 
one  of  the  main  terminals  and  the  grounded  plate,  thereby 
establishing  an  arc,  this  arc  would  be  promptly  blown  out, 
or  extinguished,  by  the  magnetic  field  in  the  neighborhood 
of   the   pole-piece   N,  upon   which  the   arrester  is  mounted. 
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The  main  switch  h,  in  the  position  shown,  short-circuits^ 
both  field  magnets  and  armature,  so  that  no  cuiient  is  de- 
livered by  the  machine  to  the  external  circuit  when  the 
armature  is  rotated  while  in  this  position.  On  lifting  the 
switch  lever,  the  short-circuits  are  removed  and  the  machine 
is  ready  to  operate.  On  the  yoke,  are  two  reducing  switcheSj 
for  varying  the  power  of  the  magnets.  By  closing  one 
switch,  the  machine  is  enabled  to  run  on  comparatively  un- 
steady loads,  with  a  somewhat  longer  spark  than  usual  at  the 
brushes.      By  closing   the   other  switch,   the  regulator  can 


Fig.  104— -Complete  Armature  of  **  Western  Electric  Arc  Generator. 

be  adjusted  to  control  for  a  reduced  current  strength,  so 
that  the  machine  may  be  operated  at  a  reduced  current. 

This  is  often  a  convenience,  since  2000  candle-power  lamps 
can  be  operated  at  1200  candle-power  after  midnight  in  many 
places. 

The  armature  core  of  the  preceding  machine  is  shown  in 
Fig.  103,  ready  for  winding.  It  consists  of  a  laminated  struc- 
ture, made  up  of  thin  punched  plates,  so  assembled  as  to  leave 
ventilating  spaces  extending  circumferentially  around  the 
core.     The  coils   are   wound  in  troughs   of  pressed  board. 
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oiled  paper,  and  mica,  slipped  into  the  grooves.  Fig.  104, 
shows  the  complete  armature  from  the  commutator  end.  The 
winding  of  the  armature  is  that  of  an  ordinary  Gramme-ring, 
as  represented  in  Fig.  68,  and  the  junction  of  each  pair  of 
coils  is  brought  to  a  commutator  segment.  If  any  discon- 
tinuity should  occur  in  one  of  the  coils,  that  coil  may  be  dis- 
connected from  the  commutator,  and  the  gap  at  the  commu- 
tator bridged  over  by  a  Jumper^  without  sensibly  affecting 
the  operation  of  the  machine.     The  armature  is  supported  on 


Fii:.  105. 

a  bniss  spider,  so  arranged  as  lo  facilitate  ventilation,  by 
throwing  air  through  the  armature  under  centrifugal  force, 
durhig  rotation. 

The  armature  is  devoid  of  band  wires,  since  the  coils  are 
laid  in  their  slots  and  held  in  place  against  centrifugal  force 
by  insulating  wires  driven  in  at  the  top.  This  facilitates  the 
examination  and  repair  of  the  armature  coils.  In  order  to 
remove  a  damaged  coil,  tlie  armature  can  be  slid  out  of  the 
field   and   rested   in    tlie    bearing   seat.     The    commutator 


Digitized  by 


Google 


Dynamo'Electric  Machinery.  163 

is  then  unscrewed  and  removed,  giving  immediate  freedom 
to  the  coils. 

A  sketch  of  the  connections  of  this  machine  is  given  in 
Fig.  105. 

Commencing  at  the  lower  or  positive  brush  b,  on  the  com- 
mutator, the  current  flows  to  the  centre  of  the  switch  h. 
When  tliis  switch  is  in  the  working  position  shown,  it  passes 
around  the  field  coils  and  to  tlie  external  circuit  by  the  posi- 
tive terminal  T.  It  returns  by  the  negative  wire  to  the  ter- 
minal T',  through  the  regulator,  and  completes  the  circuit 
through  the  upper  commutator  brush.  When  the  switch  h, 
is  pressed  down,  it  firat  short-circuits  the  field  coils  and  then 
the  armature.  The  connections  of  the  reducing  switches  are 
shown  on  the  left-hand  side  of  the  figure.  When  both  re- 
ducing switches  are  open,  the  current  flows  through  all  the 
turns  of  the  field  coils,  so  that  the  field  magnets  have  their 
maximum  strength.  Closing  the  lower  switch,  short-circuits 
some  of  the  turns  on  both  coils ;  namely,  those  nearest  the  yoke. 
Closing  the  upper  switch,  short-circuits  more  of  the  turns  on 
both  coils ;  namely,  those  between  the  yoke  and  the  second  taps. 
These  switches,  therefore,  serve  to  weaken  the  field  magnets. 

When  the  armature  has  to  reverse  its  direction,  the  arma- 
ture terminals  have  to  be  reversed. 

The  general  dimensions  of  these  belt-driven  machines  are 
given  in  the  accompanying  table  : 

It  will  be  seen  that  the  machines  in  this  table  are  rated  for 
both  2,000-candle-power  arc  lamps,  taking  9.6  amperes  in  the 
circuit ;  and  for  1,200-candle-power  arc  lamps,  taking  6.8 
amperes  in  the  circuit,  so  that  a  machine  of  the  size  capable 
of  supplying  fifty  2,000-candle-power  arc  lamps,  can  supply 
seventy  1,200-candle-power  arc  lamps.  These  macliines  are 
also  wound  for  six  amperes  for  use  with  long  burning, 
enclosed  arc  lamps,  and  the  large  dynamos  are  wound  for  two 
circuits  in  cases  where  tlie  voltage  would  otherwise  be  too 
high.  A  oO-light  Western  Electric  Generator,  direct-con- 
nected to  a  Willans  engine,  is  represented  in  Fig.  106. 

A  Wood  arc-light  generator,  capable  of  supplying  eighty 
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2,000-candle-power  arc  lights,  and  delivering  9.6  amperes  at 
a  terminal  E,  M.  F.  of  4,000  volts,  at  a  speed  of  875  revolu- 
tions per  minute,  is  seen  in  Fig.  107.    This  is  a  bipolar  belt- 


Fig.  106— A  50-Light  "Western  Electric"  Dynamo  Directly-Driven  by  a 

Willans  Engine. 

driven  machine  with  four  magnet  coils  M,  M,  M,  M,  through 
which  the  current  passes  from  the  armature  to  the  series  arc- 
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light  circuit.  The  current  passes  m  such  a  direction  as  to 
produce,  say  a  north  pole  at  N,and  a  south  pole  at  S.  There 
are  two  sets  of  copper  brushes,  each  set  consisting  of  two 
separate  brushes  inclined  at  a  small  angle  to  each  other.     The 


Fig    [07— A  "  Wood  "  Arc  Light  Generator  for  80-Lights  2000  Candle  Poner. 

main  current  passes  through  the  regulating  magnet  m,  which 
is  thereby  caused  to  attract  its  armature  against  the  tension  of 
the  spiral  spring  s.  If  the  current  in  the  circuit  exceeds  9.€ 
amperes,  for  whicli  the  machine  is  adjusted,  the  magnetic 
attraction  so  far  exceeds  the  tension  of  the  spring,  as  to  move 
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the  lever  1,  upwards,  and  engage  wheel  work  with  the  revolv- 
ing armature  in  such  a  manner  as  to  cause  tlie  brushes  to  be 
moved  to  a  more  nearly  vertical  diameter  on  the  commutator, 
or  into  a  position  of  weaker  voltage.  If,  on  the  contrary,  the 
current  strength  becomes  too  weak,  the  spiral  spring  s,  pulls 
down  the  lever  1,  and  causes  the  brushes  to  be  moved  in  the 
opposite  direction,  or  towards  a  more  nearly  horizontal  diam- 
eter, where  the  voltage  is  more  powerful.  The  accompanying 
table  gives  the  dimensions  of  these  machines. 

Fig.  108,  shows  a  Wood  vertical  125-light  belt-driven  gen- 
erator, intended  for  the  delivery  of  9.6  amperes  at  6,250  volts 
and  500  revolutions  per  minute.  Its  efficiency  is  90%  at  full 
load,  and  its  full-load  temperature  elevation  is  40°C. 

Here  the  magnetic  field  is  of  the  same  type  as  in  the  last 
machine  described  (Fig.  107)  but  is  set  vertically  instead  of 
horizontally,  the  pole  piece  nearer  to  the  observer  being,  say, 
of  north  polarity,  and  the  other  of  south  polarity. 

Fig.  109,  shows  the  connections  of  one  of  these  vertical  gen- 
erators.  Starting  from  P,  the  positive  pole  of  the  machine, 
connected  to  the  positive  pair  of  brushes  on  the  commutator, 
the  current  passes  to  the  switchboard  Sw,  thence  to  the 
lightning  protector  Lj,  and  to  the  arc  lamps  in  series  along  the 
line  li.  After  passing  through  all  the  arc  lamps,  the  current 
returns  by  the  line  U,  through  the  lightning-arrester  Lj,  the 
switchboard  Sw,  to  the  negative  terminal  N  ;  from  thence  it 
passes  through  two  left-hand  field-coils  on  the  magnet  N,  and 
coils  of  the  magnet  S,  through  the  windings  of  which  it 
descends.  The  current  then  passes  through  the  regulator 
magnet  m,  and  enters  the  armature  at  the  lower  pair  of 
brushes.  The  switch  C,  on  the  base  of  the  machine,  serves 
to  short-circuit  the  field-magnet  coils,  under  which  condition 
the  armature  fails  to  generate  voltage  and,  therefore,  the 
machine  ceases  to  operate. 

A  direct-driven  100-light,  Wood  arc-light  generator  is 
shown  in  Fig.  110.  This  machine  delivers  9.6  amperes  at  a 
pressure  of  5,250  volts,  and  is  coupled  to  a  90  H.  P.  compound 
engine,  making  460  revolutions  per  minute. 
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Fig.  Ill,  shows  an  Excelsior  Electric  Company's  constant- 
current  belt-driven  arc-light  generator  for  one-hundred  2,000- 
candle-power  lamps.  It  is  a  bipolar  machine,  one  pole  being 
above,  and  the  other  below  the  armature.  The  pole  pieces  are 
hinged  in  such  a  manner  as  to  readily  permit  the  front  portions 
to  be  moved  away  and  leave  the  armature  in  full  view,  as 
shown  in  Fig.  112.  The  current  from  this  machine  is  main- 
tained constant,  by  causing  the  brushes  to  be  automatically 


Fig.  110— Direct-Driven  "Wood"  Arc-Light  Generator. 

shifted  by  means  of  a  small  motor,  which  is  brought  into  play 
by  a  regulating  magnet  placed  in  the  main  circuit.  If  the 
current  is  too  strong,  the  motor  is  started  in  one  direction, 
while  if  the  current  is  too  weak,  the  motor  is  started  in  the 
opposite  direction.  This  motor,  which  is  supported  within 
the  projection  on  the  bracket  bridging  the  two  pole-pieces, 
performs  two  functions.  It  rotates  the  rocker  arm  which 
carries  the  brushes,  and  also,  through  the  movements  of  the 
rod,  cuts  in   or  out,  sections  of  the  field-magnet  coils  which 


Digitized  by 


Google 


DynamO'Electric  Machinery.  173 


Fig.  112— "^Excelsior  "Belt-Driven  Arc-Light  Generator  with  Hinged  Pole- 
Pieces,  turned  out,  exposing  Armature. 


Digitized  by 


Google 


Digitized  by 


Google 


Dynamo-Electric  Machinery.  175 

are  in  the  main  circuit.  If  the  current  strength  becomes  ex- 
cessive, the  motor  shifts  the  brushes,  and  also  reduces  the 
excitation,  or  number  of  ampere-turns  on  the  field  magnets, 
thereby  tending  to  reduce  the  voltage;  while,  on  the  con- 
trary, if  the  current  strength  becomes  too  weak,  the  motor 


Fig.  Ill— ** Excelsior"  Belt-Driven  Arc-Light  Generator. 

moves  tlie  brushes  into  a  position  of  greater  voltage,  and  at 
the  same  time  increases  the  excitation  of  the  field  magnets, 
thereby  tending  to  increase  the  generated  voltage. 

Fig.  113,  taken  in  connection  with  the  accompanying  table 
of  dimensions,  gives  the  sizes  in  which  these  machines  are 
constructed. 
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A  75-light  continuous-current  belt-driven  arc-Iiglit  gener- 
ator, of  the  Westinghouse  Electiic  and  Manufacturing  Com- 
pany, is  shown  in  Fig.  114,  This  machine  has  six  poles,  all 
connected  in  series.  It  is  separately  excited ;  i.  e..  is  sup- 
plied with  a  continuous  current  from  a  small  separate  con- 
tinuous-current generator  of  about  1  K.  W.  capacity.  The 
armature  has  two  commutatoi^  C,  Cv  placed  side  by  side  on 
the  shaft  beyond  the  bearing.  The  brushes  are  not  shifted 
around  this  commutator  by  any  automatic  regulating 
mechanism.     On    the    contrary,   they    remain    in    position 


Fig.  113— Dimensions  of  **  Excelsior  "  Constant-Current  Arc-Light 
Generators. 


during  the  operation  of  the  machine,  and  the  regulation  is 
entiiely  effected  by  the  magnetic  effect  of  the  armature  upon 
the  field  magnets.  If  the  current  supplied  by  the  machine 
becomes  too  strong,  the  armature  becomes  more  powerfully 
magnetized,  and  thus,  reacting  on  the  field-magnets,  weakens 
them  so  as  to  reduce  the  voltage  generated  by  the  machine 
to  the  point  at  which  the  normal  current  strength  wull  be 
supplied.  Even  if  the  machine  be  short-circuited,  the  cur- 
rent strength  will  be  very  little  in  excess  of  its  normal  value. 
If,  on  the  contrary,  the  current  becomes  too  feeble,  the  mag- 
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netic  influence  of  the  armature  on  the  field-magnets  becomes 
weakened,  and  the  armature  is  enabled  to  develop  an  in- 
creased voltage.  The  armature,  and  the  method  of  placing 
ibe  coils  in  position  upon  it,  are  shown  iu  Fig.  115.    It  will 


Fig.  114— Westinghonse  75-Ligbt  Direct-Current  Arc-Light  Generator. 

be  seen  that  the  armature  has  8  poles,  or  polar  projections, 
made  up  of  sheet  punchings,  each  of  which  has  coils  of  wire 
tf,  (?,  slipped  over  it.  u\  w^  are  wedges  holding  the  coils  in 
place. 

Fig.  116,  IS  a  diagram  of  the  armature  connections  of  this 
machine.     There  are  six  poles,  indicated  by  dotted  lines  n,  s, 
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n',  s',  n",  s".  The  armature  has  8  polar  projections,  1,  2,  8, 
4,  5,  6, 7  and  8,  each  carrying  two  coils  in  series,  indicated 
by  two  turns  on  the  di-awing.  The  coils  on  opposite  polar 
projections  are  connected  in  series  between  the  opposite  seg- 
ments of  one  commutator.  The  two  commutatoi-s  are 
represented  as  concentrically  surrounding  the  armature. 
Ai-mature  coil  No.  1,  is  connected  to  segment  No.  1',  coil 
No.  5,  to  segment  No.  5',  and  so  on.  Alternate  polar  pro- 
jections have  their  coils  connected  to  the  commutators  alter- 
nately. 1,  3,  5  and  7,  to  tlie  external,  and  2,  4,  6  and  8,  to 
the  internal  commutator.    The  segments  similarly  numbered 


Fig.  115— Westinghouse  Armature  and  Method  of  Placing  Coils  in  Position. 

are  in  permanent  electric  connection.  Thus,  the  thiee  seg- 
ments 1',  1',  1',  are  all  connected  together.  The  pairs  of 
brushes  B  and  B',  are  connected  to  the  main  terminals  of  the 
machine  T,  T',  while  the  otlier  two  pairs  of  brushes  b  and  b', 
connect  the  two  commutators  in  series.  The  diagram  repre- 
sents the  actual  arrangement  of  connections,  except  that,  for 
simplicity  of  reprej^entation,  the  inner  commutator  has  been 
twisted  through  60^  in  either  direction.  Thus  the  segments 
2'  occupy  in  the  diagram  tlie  positions  corresponding  to  seg- 
ments 6'  in  the  actual  armature.  Also,  in  tlie  actual  arma- 
ture, the  outside  wires  of  each  opposite  pair  of  polar  projec- 
tions are  connected  together,  and  the  inside  wires  are  brought 
to  commutator  segments,  in  revei'se  to  what  is  shown  in  the 
diagram. 
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It  will  be  seen  that  the  current  divides  in  passing  through 
the  armature.  Thus,  comraencing  at  brush  B,  the  current 
divides  through  the  paths  6',  6,  2,  2',  and  8',  8, 4, 4',  reaching 


Fig.  116— Diagram  of  Westinghouse  Arc-Light  Generator  Armature 
Connections. 


the  brush  b'.  It  then  flows  in  one  stream  to  b  3',  3,  7, 7',  and 
B'.  The  bifurcation  occura  at  each  commutator  alternately. 
Consequently,  at  any  moment,  there  is  always  one  pair  of 
polar  projections,  such  as  3  and  7,  carrying  the  full  armature 
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current,  and  two   other  pairs,  such  as  2,  6  and  4,  8,  which 
divide  the  full  current  between  them. 
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Fig.  117,  gives,  in  connection  with  the  accompanying  table, 
the  dimensions  of  these  machine? 
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The  General  Electric  Company's  Thomson-Houston  type  of 
belt-driven  arc-light  generator,  is  shown  in  Fig.  118.  The 
field-magnet  frame  consists,  as  shown,  of  two  cylinders  of 
cast  iron,  provided  with  hemispherical  pole-pieces  embracing 


Fig.  118 — "General  Electric"  Thomson-Houston  Arc  Dynamo. 

a  spherical  armature.  This  armature  consists  of  three  sets  of 
coils  of  wire  wound  upon  a  ring  so  as  to  present  a  spherical 
outline.  The  three  sets  of  armature  coils  are  connected  to  a 
three-part  commuttitor  C,  by  the  three  wires  which  pass 
through  the  centre  of  the  armatuie  shaft  and  project  beyond 
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it.  Upon  the  commutator  rest  two  paira  of  brushes  b,  b. 
From  these  the  current  is  led  off,  through  the  field-magnet 
coils  M,  M,  and  a  regulator  magnet  coil  m,  to  the  external 
circuit.  The  strength  of  the  current  in  the  regulating  mag- 
net coil  m,  under  the  action  of  a"  wall-controller,"  adjusts  the 
position  of  the  rocker  arm  holding  the  brushes,  with  reference 


Fig.  119— "General  Electric"  T.  H.  Arc-Light  Armature. 

to  the  commutator  C^  thus  varying  the  pressure  supplied  by 
the  machine.  The  dash  pot  d,  checks  a  too-rapid  movement 
of  the  regulator  magnet  armature.  T,  T',  are  the  main  ter- 
minals. The  switch  s,  is  provided  for  short  circuiting  the 
field  magnets  when  the  machine  is  out  of  connection. 
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Fig.  119,  shows  the  armature  core  and  winding,  and  a 
completed  armature  of  these  machines.  It  will  be  seen  that 
the  coils  are  wound  in  a  form  and  are  tlien  slipped  into  posi- 
tion on  the  core,  being  firmly  maintained  in  position  by- 
wedges. 

In  order  to  place  the  coils  on  the  core,  a  gap  or  slot  is  left 
in  the  core,  and,  after  all  the  coils  are  in  place,  this  gap  is 
rigidly  closed  by  a  laminated  wedge. 

The  connection  between  the  armature  coils  is  shown  in 
Fig.  120.     It  will  be  seen  that  there  are  virtually  three  main 
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Pig/120 — Connections  of  Ring  Armature  for  T.  N.  Arc  Bynames. 

coils  on  the  core,  each  embracing  a  total  segment  of  120°. 
These  are  connected  together  to  a  common  connection  or 
copper  ring,  and  their  free  ends  are  then  brought  to  the  three 
commutator  segments  as  shown.  There  are  never  less  than 
two  of  the  three  ai  mature  coils  in  circuit.  The  position  of  the 
brushes  determines  the  effective  pressure  transmitted  to  the 
external  circuit. 

In    order   to  prevent  flashing  around  the  commutator,  a 
small  air  blast  is  employed,  which  removes  the  heated  gases 
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Fig.  121 — Connections  of  "(General  Electric*'  Arc-Light  Installation  T.  H.  System. 
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and  films  of  conducting  matter  which  would  otherwise  be 
produced  at  the  tips  of  the  brushes  when  crossing  the  gap 
between  adjoining  segments  on  the  commutator.  The  air 
blast  acts  so  as  to  insert  a  continually  renewed  insulation  in 
the  slots  between  commutator  segments. 

The  general  connections  are  shown  in  Fig.  121.  The  cur- 
rent starts  from  p^  the  -|-  terminal  of  the  machine,  and  passes 
through  the  wall-controller  to  a,  the  switchboard  J,  lightning- 
arrester  c,  to  d,  the  series  arc-lamps  2>  to  E^  lightning-arrester 
e,  the  cut-out  /  g^  the  lightning  arrester  A,  the  cut-out  i  Ar, 
the  lightning  arrester  m,  the  switchboard  at  n,  the  wattmeter 
W,  at  0  y,  and  by  the  wire  r,  to  the  negative  terminal  «. 
When  the  outment  is  too  weak,,  the  wallt^oubiolleii  closes  a 
contact  s&octheirouiidng  tlie  negulator,  which^  moves  the 
brushea  t»>  at  po»iiibni  ofl  more  powerful  presBure..  When  the 
currentrbecomes  tiooatcon^^the  wallkjontroller  lifts  itt»  armature 
and  throm^  tdie  negiulatoc  ihtotiie  main  oiroutt^.tJieneby  bring- 
ing bac2&  tikft  bnuaiies^  to>  a  weakBC  position.     THe^  rheostat  R, 
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is  for  shor<H5ircuiting  part  of  the  field-magnet  coils,  and  thereby 
weakening  the  field,  when  it  is  desired  to  supply  a  small  number 
of  lamps  in  the  circuit.     When  the  handle  of  the  cut-out  i  k. 
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is  pulled  down,  tlie  series  incandescent  lamps  I,  K,  are  thrown 
into  circuit.  Similarly,  wlien  the  handle  of  tlie  cut-out  f  g, 
is  pulled  down,  the  arc  lamps  F,  G,  are  thrown  into  circuit 
tlirougli  tlie  registering  wattmeter  w. 

Tlie  accompanying  table  shows  the  dimensions  of  these  ma- 
chines. 

A  small  arc  switchboard  with  w^all  controller  and  one 
ammeter  is  shown  in  Fig.  121  A.  The  insulating  handles 
connected  by  insulated  flexible  cords  make  the  required  cir- 
cuit connections  between  brass  straps  behind  the  board. 


Fig.  121  A— SmaH  Arc-Light  Switcliboard. 

Fig.  122,  shows  a  General  Electric  Company's  Brush  type 
of  belt-diiven  arc-light  generator,  capable  of  supplying  one 
hundred  and  twenty-five  2,000-candle-power  arc-lights.  This 
is  a  60  K.W.  machine,  delivering  9.6  amperes  at  a  maximum 
pressure  of  6,250  volts,  at  500  revolutions  per  minute.  The 
armature  is  39  inches  in  diameter  and  weighs  10,000  pounds, 
approximately.  This  macliine,  in  a  partially  dismantled  con- 
dition, for  enabling  the  armature  to  be  removed,  is  shown  in 
Figs.  123  and  124.  It  will  be  seen  that  the  upper  halves  of 
the  field  frames  can  be  lifted  off  the  machine.  The  arma- 
ture, shown  separately  at  Fig.  125,  is  of  the  Gramme-ring 
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Pig.  122— 125-Light200C.P.  General  Electric  '*  Brush''  Arc  Dynamo  with 
Regulator,  Latest  Design,  1896. 
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Fig.  123— General  Electric  "  Bnish ''  Arc-Light  Generator  with  One  Upper 
Field  Being  Removed. 
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Fig.  124— 125.Light  2000  C.  P.  General   Electric  "  Brush"  Arc  Dynamo, 
Partially  Disassembled. 
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Fig.  125— Armature  of  125-Light  2000  C.  P.  General  Electric  "  Bniah"  Arc     ' 

Dynamo. 
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type,  the  coils  being  wound  in  slots,  so  as  to  leave  polar  pro- 
jections between  them  on  each  face  of  the  armature.  There 
are  8-magnet  coils,  four  on  each  side  of  the  machine,  and 
opposite  coils  produce  poles  of  the  same  name  as  indicated 
in   Fig.   122.     The   commutator   C,  is   made    up    of   three 


Fig.  126— Diagram  General  Electric  **  Brush  "  Type  of  Arc-Light  Generator. 

separate  commutators,  placed  side  by  side.  Three  sets  of 
brushes  which  rest  upon  them,  are  connected  in  series  with 
the  field-magnet  coils  and  the  external  circuit.  The  armature 
connections  are  shown  in  Figs.  126  and  127.  Fig.  126,  sliows 
four  segments  connected  in  series  and  brought  to  one  com- 
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mutator.  As  each  commutator  is  double,  there  are  eight  seg- 
ments connected  therewith,  as  shown  in  Fig.  127.  Each  of 
the  three  commutators  being  similarly  connected  with  its  own 
armature  segments,  there  are  24  armature  coils  and  1?  wires 
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Fig.  127 — Diagram  showing  Parallel  Connections  between  Commutator  and 

Armature. 


between  armature  and  commutators.  S,  is  a  switch  for  short- 
circuiting  the  field  magnets ;  h,  is  a  switch  for  short-circuiting 
the  armature.  The  regulating  device  of  this  machine  consists 
of  the  pair  of  electro-mtignets  m,  which  are  mechanically  ro- 
tated in  opposite  directions  about  a  common  axis.     Between 
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Fig.  128— General  Electric  ''  Bnish"  Mult'-Circult  Dynamo. 
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them  lies  an  armature,  so  arranged  that  it  can  be  clutched  by 
whichever  of  the  two  revolving  magnets  happens  to  be  ex- 
<;ited.  The  armature,  when  so  clutched,  causes  a  contact 
-arm  to  be  revolved  over  the  face  of  a  shunt  field-rheostat  r, 
by  which  the  current  strength  circulating  in  the  field-magnet 
coils  is  automatically  adjusted.  The  clutch  magnets  are  ex- 
cited by  a  separate  electro-magnet  placed  in  the  main  line 
circuit,  which  is  adjusted  to  close  one  circuit  or  the  other, 
according  as  the  current  strength  in  the  line  is  too  great  or 
too  feeble. 

Fig.  128,  is  a  General  Electric  Company's  Brush  multi-circuit 
arc-light  generator.  This  machine  is  capable  of  supplying,  as 
shown,  three  sepai*ate  series  circuits  from  the  same  armature. 
By  this  means  the  E.  M.  F.  of  the  machine  for  a  given  type 
is  reduced  practically  to  one-third  of  what  it  would  be  if  all 
the  lamps  had  to  be  operated  in  a  single  circuit.  Each  of 
the  switches  s,  s,  s,  controls  one  of  the  three  circuits.  The 
switch  S,  serves  to  short-circuit  the  field  coils  when  the  ma- 
chine is  out  of  action. 

The  accompanying  table  shows  the  dimensions  of  these 
machines : 

Table  op  Brush  Arc-lighting  Generators. 
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Should  any  armature  coil    become  damaged,  it   may  be 
readily  cue  out,  without  throwing  the  machine  out  of  use. 
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CHAPTER  VL 

SOME     MISCELLANEOUS     TYPES      OF      CONTINUOUS-CURRENT 
GENERATORS. 

Continuous-current  generators  are  frequently  employed 
for  producing  the  electric  current  needed  for  electrolytic  decom- 
podtian^  such^  for  example,  as  the  deposition  of  silver  on 
silver-plated  articles,  and  of  copper,  in  depositing  vats.     A 


Fig.  129— Excelsior  Electric  Electrolytic  Generator. 

type  of  small  electrolytic  machine^  with  a  compai*atively  power- 
ful current  at  two  or  three  volts  pressurt,  is  represented  in 
Fig.  129.     Since  the  E.  M.  F.  required  for  producing  elec- 
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Pig.  131— **  Westinghouse"  Switchboard  for  Two  810  K.  W.  Electiolytlc 

Greneratore. 
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trolytic  decomposition  in  a  single  tank  or  bath  is  quite  small, 
usually  between  one-third  of  a  volt  and  five  volts,  the  arm- 
ature of  a  machine,  suitable  for  connection  to  a  single  tank, 
has  very  few  turns  of  wire ;  but,  since  the  number  of  amperes 
required  is  often  large,  the  armature  turns  must  have  in  such 
cases  correspondingly  l^rge  cross  section.  The  brushes  and 
commutator  must  also  necessarily  be  proportioned  to  the  cur- 
rent delivered. 

In  the  electrolytic  refining  of  metals  a  number  of  tanks  are 


Fig.  130— Pair  of  **  Westinghouse  "  Electrolytic  810  K.  W.  Generators. 

usually  connected  in  series,  so  that  the  E.  M.  F.  of  the  elec- 
trolytic generator  has  to  be  correspondingly  increased.  Fig. 
130,  shows  a  pair  of  Westinghouse  Electric  and  Manufacturing 
Company's  electrolytic,  810  K.  W.  generators,  for  delivering, 
at  a  speed  of  130  revolutions  per  minute,  4,500  amperes  each, 
at  a  pressure  of  180  volts.     These  machines  are  of  the  engine 
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type  already  described  in  chapter  III,  the  field  frames  being 
capable  of  vertical  separation  into  two  halves.  The  macliines 
have  16  poles,  and  16  sets  of  carbon  brushes,  each  set  con- 
taining 8  brushes.  The  machines  are  shunt^wound,  and  are 
capable  of  being  separately  or  self-excited.  They  are  shown 
as  coupled  together  in  the  figure,but  are  intended  for  direct 
connection  through  belt^coupling  with  a  turbine,  and  are 
installed  at  the  works  of  the  Boston  and  Montana  Con- 
solidated Copper  and  Silver  Mining  Company  at  Great  Falls, 
Montana.  They  are  ring-connected  machines  of  the  type 
represented  in  Fig.  15.  They  have,  at  full  load,  an  efiiciency 
of  95%,  and  are  capable  of  running  at  full  load  for  an  in- 
definite period  at  a  maximum-tempemture  elevation  df  40^  C. 
When  self-excited,  these  machines  are  capable  of  with- 
standing a  short-circuit  without  injuiy,  because,  should  such 
a  short  circuit  occur,  the  powerful  currents  thereby  excited 
in  the  armature  react  upon  the  magnetism  of  the  field  and 
neutralize  it. 

The  switchboard  for  these  machines  is  shown  in  Fig.  131. 
Ai,  Aj,  are  the  ammeters,  each  reading  up  to  6,000  amperes. 
Vi,  V2,  the  voltmetera.  Ri,  Rj,  the  field  rheostats,  the  circuits 
of  which  are  closed  through  the  switches  Si,  Sj.  Sj,  Sg,  Ss,  S4, 
are  the  main  switches,  each  consisting  of  a  pair  of  heavy 
copper  bars,  of  6  square  inches  cross-section,  pressed  forward  by 
screws,  opemted  by  hand-wheels,  into  the  grip  of  copper-strip 
jaws.  Si  and  Ss  are  the  positive  and  negative  switches  for 
one  generator,  and  S2,  S^,  for  the  other  generator.  The  cur- 
rents are  supplied  to  a  common  pair  of  bus-bai*s.  The  panel 
on  the  right-hand  side  is  for  two  separate  excitei*s,  which  may 
be  run  singly  or  in  parallel,  Wi,  Wg,  being  their  switclies,  r,,  r*, 
their  shunt  rheostats,  ai,  ao,  their  ammeters,  and  v,  their  volt- 
meter. 

Special  arangements  are  made  in  order  to  prevent  these 
machines  from  being  suddenly  open-circuited  under  load,  thus 
endangering  the  driving  turbine,  before  its  governor  could 
close  the  gate.  Should  an  open  circuit  occur,  the  machines 
are  short-circuited  upon  on  artificial  load  in  tlie  power-house. 
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Fig.  132,  shows  the  main  conductors  which  carry  the  current 
from  these  generators  to  the  electrolytic  refinery,  a  distance 
of  2,200  feet.  These  conductors  are  copper  bars  of  24  square 
inches  cross^ection,  cast  in  20-feet  lengths  and  soldered  to- 
gether at  their  extremities.  They  are  insulated  on  glass 
blocks  and  supported  on  trestles.  The  loops  shown  are  expan- 
sion joints. 


r" 


Fig.  132 — Main  Conductors  for  Westlnghouse  Electrolytic  Generators. 

Fig.  133,  shows  a  Westinghouse  Electric  and  Manufac- 
Company's  switchboard  for  four  270  K.  W.  3,600-amperes, 
75-volt  electrolytic  genemtors,  or  for  1080  K.  W.  in  all,  and 
intended  to  supply  any  one  of  four  circuits  from  any  one  of 
four  generators.  Each  pair  of  panels  A,  B,  is  for  one  gene- 
rator ;  A,  being  for  positive  terminals,  and  B,  for  negative 
terminals.     M,  M,  are  generator  ammeters  ;  v,  v,  voltmeters  ; 
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F,  F,  field  rheostats ;  and  S,  S,  main  generator  switches. 
These  consist  of  massive  copper  bars  which  are  forced  into 
copper  jaws  by  the  hand-wheels  shown. 


Pig.  133.— Westlnghouse  Switchboard. 

The  back  of  this  switchboard  is  shown  in  Fig.  134.  U, 
U,  U,  U,  form  jointly  the  upper  or  negative  bus-bara,  and  L, 
L,  L,  L,  the  lower  or  positive.  P,  P,  P,  P,  are  the  main 
switch  lugs  for  the  reception  of  the  positive  cables  from  the 
generators,  and  N,  N,  N,  N,  for  the  negative  cables. 

Fig.  132,  shows  a  Crocker-Wheeler  Electric  Company's 
small  belt-driven  generator  for  telegraphic  purposes.  In 
telegraphy,  a  current  of  from  ^  to  ^^^^  ampere  is  usually  re- 
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quired  to  operate  each  Morse  circuit.  A  small  shunt- wound 
dynamo  of  suitably  low  resistance  is  capable  of  supplying  a 
number  of  such  circuits.  The  dynamo  shown  is  of  110  watts 
capacity,  and  such  a  machine  is  usually  wound  for  about  70 
volts  pressuie. 

Fig.  136>  shows  a  multipolar  Thompson-Ryan  beltrdriven  25 


Fig.  135— Crocker-Wheeler  Telegraph  Dynamo. 

K.  W.  generator.  This  machine  differe  from  those  heretofore 
described  in  the  fact  that  its  field  frame  is  provided  with  an 
additional  winding  in  circuit  with  the  armature  and  called  a 
balancing  winding.  Its  function  is  to  balance  or  compensate 
the  magnetizing  influence  which  the  armature  current  exerts 
on  the  ifield.  In  the  ordinary  dynamo,  the  distribution  of 
magnetic  flux,  which  is  generated  by  the  field  magnets,  is  dis- 
torted to  a  greater  or  less  extent  by  the  magnetic  influence 
of  the  current  passing  through  the  armature.  In  other  words 
dynamos  possess  an  armature-reaction  which  increases  with  the 
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load.  The  armature-reaction  may  be  sufficiently  marked  to 
limit  the  current  delivered  by  the  armatui*e,  as  in  the  case  of 
arc-light  machines,  such,  for  example  as  that  shown  in  Fig. 
114.  This  reaction  tends  to  reduce  the  output  of  the  ma- 
chine, and  moreover  increases  the  sparking.     The  forward 


Fig.  136— Thompson-Ryan  Belt-Driven  Generator. 

lead  which  has  to  be  given  to  the  brushes  of  an  ordinary 
generator  under  load,  in  order  to  produce  sparkless  commu- 
tation, is  partly  due  to  armature  reaction.  In  the  Thomp- 
son-Ryan dynamo,  the  reaction  is  prevented  by  oppositely 
magnetizing  th^  armature  under  load  through  the  action  of 
the  balancing  coils.  The  manner  in  which  this  is  effected 
will  be  evident  from  an  inspection  of  Fig.  137.  Here  the 
field  frame  is  wound  with  the  ordinary  field  windings  a,  a, 
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b,  b;  and  in  addition,  the  balancing  coils  are  wound  in  the 
grooves  m,  n,  k,  1,  o,  p. 

If  no  current  flows  through  the  armature,  the  coils  a,  a, 
b,  b,  only,  are  active.  The  balancing  coils,  like  the  series  coils 
of  an  ordinaiy  compound-wound  machine,  are  connected  in 
series  with  the  armature.     As  shown  in  Fig.  137,  the  arma- 


Fig.  137 — Section  of  Thompson-Ryan  Armature. 

ture  is  iron-clad  with  deep  grooves.     When  current  flows 
through  the  armature,  the  magnetic  reaction  produced  by  the 


Fig.  138 — Unwound  and  Wound  Field  Ring  of  Thompson-Ryan  Generator 
showing  Balancing  Coils. 

armature  coils  is  cancelled  by  the  opposite  magnetic  effect 
of  the  balancing  coils.     Fig.  138,  shows  the  field  ring  of  a 
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200  K.  W.  Thompson-Ryan  generator  of  14  poles.  This 
ring  slips  into  the  field  fmine  within  the  true  field  windings. 
It  is  claimed  for  these  machines  that  although  they  require 
the  balancing  winding  in  addition  to  field  and  armature 
windings,  yet  they  yield  a  large  output,  15  to  20  watts  per 
pound  of  total  weight  being  claimed  for  slow-speed  direct- 
connected  generatora. 

A  Ridgway  Dynamo  &  Engine  Company's  10-pole  Ryan 
generator  is  shown  in  Fig.  139  directly  connected  to  one 
of  their  engines. 


Fig.  18^— Ridgway  Dyimiiio  A  Engine  Company's  Multipolar  Direct-Driven 

Generator. 
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CHAPTER  VII. 

ALTERNATING-CURRENT   GENERATORS. 

The  generators  we  liave  hitherto  considered  have  all  been 
of  the  direct-current,  or  continuous-current  type;  that  is,  the 
current  always  flows  in  the  same  direction  through  the  circuit 
connected  with  them.  We  will  now  consider  types  of  gener- 
ator in  which  the  current  alternates  ;  i.  e.,  flows  first  in  one 
direction,  and  then  in  the  opposite  direction,  alternately  in 
rapid  succession. 

Alternating-current  generators  can  be  divided  into  two 
sharply-marked  classes  ;  namely,  single-phase  or  uniphase^  and 
multiphase  or  polyphase  generators.  We  shall  in  this  chapter 
confine  our  attention  to  single- phase  or  Uniphase  machines  ;  or, 
as  they  are  sometimes  called,  uniphasers. 

A  unipliaser  is  a  machine  which  supplies  at  its  terminals 
a  single  alternating  current  for  use  in  its  external  circuit. 
Such   machines   are   now   employed  almost  exclusively  for 
)  alternating-current   incandescent  ligliting.     They  are  occa- 
i  sionally  used  for  arc  lighting,  and,  in  rare  instances,  for  the 
.  transmission  of  power,  and  for  electric  furnaces. 
'     In  the  United  States,  Uniphase i-s  were  formerly  constructed 
i  which  reversed  the  current  in  their  circuits  about  16,000  times 
per  minute  ;  that  is  to  say,  the  frequency  of  alternation  they 
supplied  was  16,000  alternations  per  minute ;  or,  about  266 
'  alternations  per  second,  representing  a  frequency  of  what  is 
called  133  cycles  per  second,  a  cycle  being  a  double-alterna- 
tion, or  a  complete  to-and-f ro  electric  impulse.     At  the  present 
time,  the  frequency  of  most  uniphasers  that  are  now  con- 
structed is  much  lower;  namely,  about  7,200  alternations  per 
minute  ;  or  60  cycles  per  second.     The  reasons  for  employing 
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the  higher  frequency  at  the  earlier  period  were  found  in  the 
economy  of  material  which  was  thus  obtained  in  the  transform- 
ers^ or  devices  for  reducing  the  pressure  at  subscribers'  prem- 
ises. Although  uniphasei-s  are  still  constructed,  having  a 
frequency  eitlier  of  133  or  125  cycles  per  second,  according 
to  the  particular  system  adopted,  yet  the  lower  frequency  of 
60  cycles  per  second  is  rapidly  coming  into  favor. 

Since  each  coil  in  the  armature  of  a  uniphaser  must  pass  as 
many  magnet  poles  in  a  second  as  it  supplies  alternations  in 
that  time,  it  is  evident  that  a  60-cycle  uniphase  armature  coil 
has  to  pass  120  magnet  poles  per  second,  while  a  183-cycle  Uni- 
phase armature  coil  has  to  pass  266  magnet  poles  per  second. 
Consequently,  a  hi^hfrequency  alternator  requires  either  to 
be  run  at  a  higher  speed,  or  to  have  a  greater  number  of 
magnet  poles  in  the  field  magnets  around  the  armature.  The 
advantages  of  the  60-cycle  frequency  are : 

First,  that  the  speed  of  running  can  be  conveniently  re- 
duced. 

Second,  that  arc  lamps  can  be  more  readily  operated  by 
alternating  currents  at  the  lower  frequency. 

Third,  that  the  regulation  of  pressure  in  the  alternating- 
current  system  supplied  is  improved  ;  and 

Fourth,  tliat  small  motors,  such  as  fan  motors,  are  more 
readily  opei-ated  from  the  circuit. 

The  fact  that  the  transformers  have  to  be  somewhat  in- 
creased in  size,  with  a  reduced  frequency,  has  been  largely 
offset  by  improvements  which,  of  recent  years,  have  been  in- 
troduced in  the  manufacture  of  transformers. 

Fig.  140,  shows  the  Westinghouse  Electric  Company's  form 
of  60  K.  W.  single-phase  alternator  or  uniphaser.  This  is  a 
belt-driven  machine,  with  8  poles,  driven  at  a  speed  of  900 
revolutions  per  minute,  and,  therefore,  having  a  frequency  of 
8  X  900  =  7,200  alternations  per  minute,  or  60  cycles  per 
second.  It  is  provided  with  two  collector  rings  r,  r,  at  the 
extremity  of  its  armature  shaft.  Brushes  b,  resting  upon 
these  rings,  serve  to  deliver  the  current  to  the  external  cir- 
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cuit.     The  pressure  for  which  this  machine  is  wound  is  usually 
either  1,100  or  2,200  volts.     The  two  wires,  which  are  re- 
quired for  the  distribution  of  the  current,  are  connected  with 
,  these  brushes. 


Fig.  140— Westinghouse  60  K.  W.  Single-Phase  Alternator* 

In  addition  to  the  collector  ring^,  a  commutator  C,  is  pro- 
vided for  the  purpose  of  supplying  a  portion  of  the  field  ex- 
citation sufficient  to  maintain  the  pressure  under  load  ;  or,  in 
other  words,  to  compound  the  machine.  The  eight  field-mag- 
net coils  receive  nearly  ail  their  magnetizing  current  from  a 
separate  continuous-cuiTent  machine,  called  the  exciter^  and 
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this  excitation  is  sufficient  to  produce  the  pressure  of  1,100 
or  2,200  volts,  at  no  load,  or  with  the  main  circuit  of  the  ma- 
chine open.  When,  however,  the  main  circuit  is  loaded,  and 
current  is  supplied  by  the  machine,  the  pressure  at  the  col- 
lector rings,  or  main  terminals,  would  drop,  were  it  not  that 
an  auxiliary  winding  on  the  field  magnets,  connected  with 
the  commutator  C,  receives  a  continuous  current,  which  in- 
creases with  the  load,  and  thereby  enables  the  pressure  at  the 
terminals  to  be  kept  constant. 


Fig.  141 — Diagram  of  Connections  Westinghoiise  Uniphasei 

The  connections  of  the  preceding  machine  fire  represented 
in  the  accompanying  diagram.  Fig.  141.  It  will  be  seen  that 
in  series  with  the  armature  A,  is  a  coil  p,  in  magnetic  connec- 
tion with  a  secondary  coil  s,  so  tliat,  wlien  a  current  is  sup- 
plied by  tlie  armature  to  the  main  circuit,  a  secondary  alter- 
nating pressure  is  induced  in  the  coil  s,  connected  to  the 
segments  of  the  commutator  C.  By  this  means,  a  continuous 
or  direct  current  is  supplied  from  the  brushes  on  the  commu- 
tator to  the  auxiliary  winding  on  the  field  magnets.  The 
main  excitation  is  supplied  to  the  field  coils  S,  S,  by  the  ter- 
minals X,  X^ 
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Fi^.  142,  shows  the  connections  of  a  Westinghouse  10- 
pole  alternator,  indicating  the  positions  of  the  commutator 
brushes,  and  their  connection  with  the  compound-wound 
magnets. 

Fig.  143,  shows  the  unwound  field  frame  of  a  somewhat 


Fig.  142 — ^Diagram  of  Connections  for  Westinghous  Alternator. 

similar  Westinghouse  alternator  of  45  K.W.  capacity.  In  this 
machine  the  field  frame  is  cast  in  one  piece,  while  in  the 
larger  machine  shown  in  Fig.  140,  and  in  still  larger  sizes, 
the  field  frame  is  cast  in  two  separate  pieces.  The  field  mag- 
net cores  are  not  solid  masses  of  iron  or  steel,  but  are  lami- 
nated masses,  formed  of  a  number  of  parallel  plates  of  soft 

N— Vol.  5 
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el  which  arecfara^ied  together  and  protected  bj  comporar 
tiveljsto^itendpjUites..  The  pole  pieees  so  asaemUed  aie 
aet  in  the  naoaldiQAiriiicb  the  field  fi»ttie  i&cast,  and  are  thus 
Tigidly  connected  with  the  field  frame.  The  use  of  laminated 
pole  pieces  reduces  the  tendency  to  waste  power  by  the  forma- 
tion  of  eddy  currents  in  the  field  poles. 


F(g.  143^Wte(inglM>iis6  Field  of  45  K.  W.  Sf  ngie-Pbase  Altenntor. 

The  armature  of  the  uniphaser  shown  in  Fig.  143,  is  shown 
i»  Fi^^  144.  Here,  itt  will  be  seen  that  the  laminated  core  at 
A,  u  niade  up  of  a.  series  of  punched  plates,  formings  when 
iMDcrnbled,  acombuiation  of  eight  heary  teeth,  or  armature 
pt«p}eeti«ns^    The*  armature  coils  are  slipped  over  these  polac 


Digitized  by 


Google 


Dynamo-Electric  Machinery.  221 


Armature  Cora 


Armature  Core — Methods  of  Placing  Colls.  ^ 


Fig.  144— Armature  of  Westlnghouse  Single 'Phase  Alternator  in  Process  of 

Winding. 
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projections,  as  shown  at  B,  and  are  then  held  firmly  in  place 
by  suitable  wooden  wedges.     The  completed  armature  with 


its  commutator,  collector  rings,  and  bearings,  is  shown  at  C. 
The  wires  connecting  the  armature  coils  with  the  collector 
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rings  are  cm-ried  thrcmgha  channel  in  the  centra  ef  the^fift. 
The  coils  "for  the  compennd-^nding  are  placed  on  the  spokes 
of  the  armature  within  the  space  between  the  projections  of 
the  laminated  core  and  the  shaft,  and  wires  from  the  second- 
ary coils  to  the  commutator  are  also  carried  through  the 
centre  of  the  shaft. 

Fig.  145,  with  the  accompanying  table,  shows  the  dimen- 
sions and  weight  of  these  uniphasers  between  60  andl50.E.  W. 

Table  of  Dm  ensigns  of  Wsstinohouse  Single-Phase  Altebnatgk, 


FIELD 

No.  of 
Poles. 

■XCITATION. 

KW. 

Alts. 

Revs. 

A 

B 

C 

E 

F 

E 

7200 

Volts. 

Amps. 

eo 

8 

900 

125 

8 

m" 

84i"'80»" 

2|" 

27" 

m" 

75 

10 

7200 

720 

125 

8 

7^ 

87f":86i" 

2*" 

m' 

21i" 

150 

12 

7200 

600 

125 

22 

108i" 

sS" 

5H" 

8J" 

Ui" 

24" 

M 


461" 
52i" 
6U" 


R 

S 

T 

PULLEY. 

Weight 

N 

P       Q 

Diam. 

Face. 

Length 
oflKib. 

Width. 

Depth. 

NetLbe 

26f" 
81i" 

451" 
5U' 
59i" 

56f" 
64i" 

%" 

81f' 

811" 

4H" 
45f" 
62t" 

20" 
25" 
88' 

11" 
15" 
26" 

7" 

9" 

18" 

all 
II 

f 

8,800 

5,600 

11,800 

Fig.  146,  shows  a  Wood  3,000-light  compound-wound  alteiv 
nator,  with  24  poles.  It  delivers  150  K. W.,  at  700  revolutions 
per  minute,  at  a  frequency  of  140  cycles  per  second.  Its 
pressure  is  either  1,000  or  2,000  volts.  This  machine  is  com- 
pounded to  maintain  its  pressure  under  load,  or,  it  ttiay  be 
over-compounded,  so  as  to  increase  its  pressui*e  five  per  cent 
or  ten  per  cent  at  full  load.  This  enables  the  pressure  to  be 
maintained  constant  under  load,  at  the  end  of  a  comparatively 
long  feeder.  The  armature  shaft  has  three  bearings.  The 
machine  is  provided  with  a  small  exciter  driven  by  a  small 
pulley  and  belt  from  the  armature  shaft  as  shown.  There 
are  two  collector  rings,  and  a  commutator  for  the  compound- 
winding.  The  brushes  on  the  collector  rings,  as  well  as  on 
tbe  commutator,  are  doubled  to  ensui'e  good  t^ontat^t. 
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The  connections  of  the  armature  and  field  are  shown  in 
Fig.lil.  Instead  of  bringing  the  two  ends  of  the  armature 
winding  out  at  the  same  point,  the  coils  are  brought  out  at  two 
additional  points.  This  is  done  for  the  purpose  of  bringing 
the  maximum  pressure  across  a  diameter  instead  of  at  adjacent 
coils.  The  exciter  supplies  the  main  winding  of  the  field  coils, 
while  a  portion  of  the  armature  current  is  rectified  by  the  com- 
mutator and  supplied  to  an  auxiliary  field-winding  for  com- 
pounding. The  armature  current  passes  through  a  resistance 
coil  r,  placed  in  the  pedestal  of  the  armature  bearing. 


Fig.  148— "Wood"  SOOO-Light  Ai-mature. 

The  armature  of  this  machine,  with  its  commutator  and 
collector  rings,  is  represented  in  Fig.  148.  It  has  24  lami- 
nated teeth,  or  polar  projections,  each  of  which  is  surrounded 
by  its  coils  of  wire. 

The  series  field-shunt  employed  for  compounding,  consists 
of  a  strip  rheostat,  and  is  represented  in  Fig.  149. 

The  connections  of  a  "Wood"  200-K. W.  alternator  are 
shown  in  Tig.  150.  This  machine  has  24  poles  and  '24  arm- 
ature polar  projections,  and  makes  700  revolutions  per  minute. 
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The  full  pressure  is  developed  in  one  quarter  of  the  armature, 
80  that  there  are  four  groups  or  quadrants  of  four  coils  each, 
connected  in  parallel.  Thus,  A,A,  and  B,B,  are  the  arm- 
ature poles.  The  opposite  points,*  A,A,  are  connected  to 
one  collector  ring  aa.  The  opposite  points  B,B,  are  not 
connected  directly  to  the  other  collector  ring  bb,  but  through 
the  commutator,  the  brushes  of  which  are  permanently 
shunted  by  the  field  shunt.     Part  of  the  current  passes  through 


Fig.  140— "Wood"  Series  Field  Shunt. 

this  resistance  and  part  through  the  auxiliary  winding  on  the 
field. 

The  accompanying  table  shows  the  dimensions  and  weights 
of  these  high-frequency  alternators. 

List  of  "Wood"  High-Frbquency  Alternators.    140  Cycles, 
1,100  OR  2,200  Volts,  Full-Load. 


1 

10 

I 

1 

1680 

o 

-600 

S 

50 

V 

11 

1 

6 

1 

1 

5 

t 
I 

44 

Floor  Space  In 

Inches  First 

Dimension  Parallel 

to  Shaft 

II 

88 

50x50 

420 

2800 

00 

50 

12 

1400 

926 

75 

U 

10 

9 

51 

62x57 

650 

8500 

0 

100 

16 

1030 

1850 

160 

18 

15 

14 

62 

88x70 

1350 

7500 

21 

200 

24 

760 

3700 

800 

28 

96 

24 

78 

184  X  72 

3500 

18500 

22 

400 

86 

467 

7400 

600 

40 

50 

48 

98 

185x96 

7900 

86600 
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A  Wood  low-frequency  alternatort  of  150  K.W.  capacity,  is 
represented  in  Fig.  151.  This  machine  has  16  poles  instead 
of  24^  a&  in  Fig.  1^.  The  general  method  of  connectiona  is 
the  sawa  in  both  classes  of  machines.  In  this  machine,  the 
handle  for  shifting  the  brashes>  on  the  commutator,  so  as  to 
obtain  asparkless  position  of  commutation,  is  above  the  com- 
mutator, while  in  Fig.  146,  the  handle  was  a  small  wheel 
placed  beneath. 

The  sizes  and  weights  of  these  low-frequency  alternators 
is  shown  in  the  accompanying  table. 

List  of  **Wood**  Low-^rBBQUEHcr  Altbbvat(»s.    60  Ctclbs, 
1,100  OK  2,d00  Volts,  Fuix  Load. 


A 

s 

i 

% 

I 

u 

m 

8 

75 

13 

150 

16 

300 

U 

I 


90 
40 
54 


7 
U 
34 
50 


6 

IS 
28 
48 


50 
62 
60 
79 


Kit 

Ms 


64x5S 

68x68 

115x77 

192x86 


1790 
6450 
7800 


8056 

7800 

15400 


I 


2H 
22i 

«4i 


One  of  the  General  Electric  Company^s  single-phase  alter- 
nators is  represented  in  Fig.  152.  This  is^  a  10-pole  belt- 
driven  machine,  delivering  60  K.W.  at  1,500  revolutions  per 
minute,  and  having,  therefore,  a  frequency  of  15,000  alterna- 
tions per  minute,  or  125  cycles  per  second.  The  machine  has 
a  pair  of  collector  rings,  and  also  a  commutator  for  commuting 
or  rectifying  a  portion  of  the  main  armature  current  for  the 
compound  excitation  of  the  field  magnets.  A  resistance  r, 
is  placed  in  the  main  circuit  as  shown  in  Fig.  153.  It  will 
be  seen  that  the  current  supplied  by  the  armature  passes 
partly  through  this  resistance  and  partly  through  the  auxiliary 
field  winding,  but  in  this  case,  the  rheostat,  r,  is  placed  in  a 
circular  frame  shewn  beneath  the  commutator,  and  connected 
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across  its  bnishes,  whereas  in  Figs.  147  and  150,  the  rheostat 
is  placed  in  the  pedestal. 

Moreover,  the  resistance  is  inserted  in  the  armature  circuit 
at  the  middle  point  of  its  series-connected  coils  instead  of  at 
one  extremity  as  indicated  in  Fig.  153,  which  represents  dia- 


Fig.  152 — "General  Electric"  Single-Phase  Alternator. 

gi-ammatically  the  armngementof  connections.  By  this  means 
the  pressure  connected  to  the  commutator  brushes  and  huk- 
iliary  field  coils  is  greatly  reduced. 

The  field  frame  of  these  machines  is  cast  in  two  parts. 
The  field  coils  are  wound  on  spools  of  sheet  iron,  with  brass 
or  composition  metal  flanges.  The  spools  are  pinned  to  the 
field  frame  by  steel  pins.  The  compound  field  is  usually 
arranged  to  over-compound  ten  per  cent  at  full  load. 


Digitized  by 


Google 


Dynamo-Electric  Machinery. 


235 


The  dimensions  of  these  machines  are  shown  in  the  accom* 
panying  table. 

The  exciter  commonly  employed  with  these  generatoi*s  is 
that  shown  in  Fig.  45.     The  power  of  the  exciter  is  usually 


Fig.  153 — Diagram  of  Connections  of  "General  Electric'*  Uniphaser. 


General  Electric    Company's  Alternating-Current  Generators^ 
125  Cycles  per  Second. 


ClassiflcatioD. 

Volts 
No 

Volts 
Full 

Amps. 
Full 

Floor  Space. 

Pulley. 

Weight 
Lbs. 

2 

Type. 

Poles. 
K.W. 
Speed 
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i 

5 

E^ 

1 
A      10-  30-1500  !  1040 

1150 

26 

2450* 

49" 

62" 

13  " 

7" 

,  2080 

2300 

13 

A      10-  60-1500  1  1040 

1150 

52 

3930* 

64" 

67" 

13  " 

11" 

1  2080 

2300 

26 

A      la-  90-1250  1  1040 

1150 

79 

7800g 

80" 

63" 

15+" 

15" 

2080 

2300 

39 

A      14-120-1070 

1040 
2080 

1150 
2300 

104 
52 

9360* 

86" 

92" 

18  " 

18" 

A     22-300-  682 

1040 

1150 

260 

22138 

152" 

72" 

28i" 

35" 

2080 

2800 

130 

♦  With  bedplate.        §  With  rails. 
0— Vol.  5 
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about  1.5  percent  of  the  power  of  the  generator,  a  one-K.W. 
machine  being,  however,  the  smallest  used.  The  exciter  is 
almost  invariably  wound  for  a  full-load  pressure  of  125  volts. 
Fig.  154,  shows  the  connections  of  these  machines.  Each 
has  its  own  shunt-field  rheostat.  The  dimensions  of  these 
exciters  is  given  in  the  accompanying  table. 


Counter  clockwise. 

rield  RKeoetot. 
+  Line  t|  -Ltne 


/cIookwi«e. 

rielci  RV-^aoeiot.^ 
*-  Lino  It  4-  Line^ 


Fig  154— Connections  for  ** General  Electric"  I.  B.  Exciters. 
General  Electric  Exciters  for  Alternators. 
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A  type  of  General  Electric  Company's  single-phase  alter- 
nator, in  which  12  field-magnets  in  one  frame  are  revolved  by 
the  pulley,  and  the  armature  is  a  stationary  frame  surround- 
ing them,' is  shown  in  Fig.  155.     This  machine  is  separately 


} 


'^ 


Fig.  155— ** General  Electric"  Single-Phase  Alternator. 

excited.  It  delivers  150  K.W.,  at  60  volts  pressure.  Its  speed 
is  600  revolutions  per  minute,  and,  consequently,  its  frequency 
is  7,200  alternations  per  minute,  and  the  machine  is  so  de- 
signed that  on  short-cinmiti  TOth  full  field  excitation,  the 
current  strength  can  only  increase  15/»  above  full  load. 

Fig.  156,  shows  a  Royal  Electric  Company's  single-phase 
alternator.  In  this  machine,  the  field-magnet  core  is  rotated, 
or  forms  what  is  called  the  rotor^  while  the  aimature  is  station- 
ary, or  forms  what  is  called  the  stator.  The  armature  A,  is 
suppoi*ted  by  a  central  pair  of  pedestals  S.  The  pole  pieces 
n,  n,  n,  and  s,  s,  s,  are  revolved  by  the  pulley  P,  on  the  main 
shaft,  the  pulley  p,  being  employed  to  drive  the  exciter. 

The  armature,  or  stator  of  this  machine,  is  represented 
separately  in  Fig.  157.     The  core  is  formed  of  18  bai-s  of  iron, 
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laminated  circumferentially,  or  in  the  direction  of  rotation. 
At  each  end  of  each  of  these  bars  is  an  insulated  coil.  These 
coils  may  be  connected  together  in  a  variety  of  ways.  When 
all  the  coils  on  each  side  of  the  armature  ai-e  connected  in  series. 


Fig.  150— Royal  Electric  Single-Phase  Alternator. 

and  the  two  sides  are  then  coupled  in  series,  the  entire  com- 
bination has  a  pressure  in  the  standard  machine  of  2,200  volts. 
Pressures  of  1,100,  550,  220,  or  110  volts,  can  be  obtained  by 
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suitable  connections.     T,  T,  are  the  main  terminals  of  the 
armature,  which  are  connected  to  the  distribution  lines. 

The  revolving  field-magnet  core,  or  rotor,  employed  with 
this  machine,  is  represented  in  Fig.  158.     It  consists  of  a 


Flfif.  157— Stator  Armature  of  "  Royal  Electric  ♦'  Alternator. 

magnet  core  over-wound  by  a  single  coil  rigidly  supported 
over  the  hub  M,  M.  In  this  machine  no  copper  wire  is  rota- 
ted, the  currents  being  induced  by  the  motion  of  a  mass  of 
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iron  carrying  the  pole-pieces.  Such  an  alternator  is  called 
an  inductor  alternator.  From  one  end  of  the  magnet  core 
projects  a  star-shaped  pole  piece  n,  n,  n,  with  nine  pro* 
jections  or  pole-pieces.  From  the  other  end  of  the  core  pro- 
ject an  equal  number  of  pole-pieces  s,  s,  s,  of  opposite  polarity. 
The  intervening  spaces  between  contiguous  polar  projections 
are   filled  with  wooden  blocks,  so  as  to  present  a  uniform 


Fig.  168— Field  Magnet  Core  or  Rotor  of  *' Royal  Electric"   Alternator. 


Tabus  of  DniEMgioNs  of  Royal  Electric  Comfant*s  Altkrnating- 
Current  Dynamos. 
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smooth  surface  to  the  surrounding  air,  and  avoid  the  hum- 
ming sound  which  would  otlierwise  be  produced  by  the  revo- 
lution of  the  star-shaped  mass.  Since  but  a  single  magnetiz- 
ing coil  is  required  for  the  excitation  of  the  multipolar  field, 
the  power  required  for  excitation  is  comparatively  small,  and 
a  comparatively  small  exciter  is  therefore  needed. 


Fig,  159— Warren  75  K.  W.  Alternator. 

The  accompanying  table  gives  the  principal  dimensions  of 
these  alternators. 

Fig.  159,  shows  the  Warren  Electric  Manufacturing  Com- 
pany's beltpdriven  alternator,  of  75  K.  W.  capacity. 

Fig.  160,  shows  a  longitudinal  section  of  a  30  K.W.  Warren 
alternator  of  this  type.  G,  G,  is  the  stationary  armature 
frame  or  stator,  with  fixed  laminated  polar  projections  A,  A, 
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around  which  are  secured  the  armature  coils  C,  C.  The  steel 
hub,  or  rotor,  H,  carries  himinated  polar  projections  D,  D,  so 
that  there  are  two  air-gaps  in  the  magnetic  circuit,  one  be- 
tween A  and  D,  and  the  other  between  G  and  H.  F,  F,  is 
the  single  magnetizing  coil.     Consequently,  all  the  projec- 


Fig.  IGO — liOngitudinal  Section  of  Warren  Alternator. 

tions  D,  D,  have  one  polarity,  and  all  the  projections  A,  A, 
have  the  opposite  polarity. 

This  machine  also  belongs  to  the  inductor  type,  since  no 
copper  wire  is  revolved. 

Fig.  161,  represents  a  1500-light  Walker  Electric  Com- 
pany's Uniphase   Alternator.     This  machine  which  is  belt- 
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driven,  has  two  pedestals  and  the  driving  pulley  is  inside  the 
pedestal. 

Fig.  162,  shows  a  Crocker-Wheeler  Electric  Company's  96 
K.  W.  alternator  for  calcium-carbide  furnaces.     It  delivers 


Fig.  162— Crocker-Wheeler  Size  90,  Separately-Excited,  Low-Frequency, 
Alternating-Current  Dynamo. 

1,600  amperes  at  about  70  volts  pressure.  It  weighs  about 
6  tons.  It  is  separately  excited,  and  runs  at  about  800  revo- 
lutions per  minute.  Its  frequency  is  about  27  cycles  per 
second. 
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CHAPTER  VIII. 

MULTIPHASE    ALTERNATORS. 

A  multiphase  alternator  is  an  alternator  which  not  only 
delivers  more  than  one  alternating  cuiTent,  but,  moreover, 
delivei*s  this  plurality  of  alternating  currents  in  phases  which 
differ  from  one  anotlier  by  a  definite  amount.  Thus,  a  tri- 
phase  alternator,  or  triphaser^  delivers  three  alternating  cur- 
rents which  differ  in  phase  by  one-third  of  a  cycle.  Thus,  in 
Fig.  163,  if  1,  2  and  3,  are  three  wires  carrying  the  three- 
phase  currents  generated  by  the  rotation  of  the  armature, 

1 


Fig.  163 — Diagram  of  Three-Phaso  System. 

with  its  three  coils,  1,  2,  3,  in  the  bipolar  field  N,  S,  then  it 
will  be  evident,  that  since  the  current  generated  by  any  one 
coil,  say  1,  completes  a  cycle,  or  to-and-fro  electric  impulse, 
in  a  single  revolution,  the  current  genei-ated  by  the  coil  1, 
will  be  one-third  of  a  cycle  in  advance  of  that  generated  by 
the  coil  2,  and  this,  in  its  turn,  one-third  of  a  cycle  in  advance 
of  that  generated  by  the  coil  3.  Consequently,  the  currents 
in  the  three  wires  1,  2  and  3,  differ  in  phase  one  from  another 
by  one-third  of  a  cycle. 

In  a  similar  manner,  in  a  two-phase  system,  if  1,  2,  Fig.  164, 
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represent  two  wires,  receiving  two-phase  currents  from  the 
two  coils  1,  1,  and  2,  2,  of  the  bipolar  alternator,  N,  S,  it  will 
be  evident  that  because  the  coil  1,  1,  is  one-quarter  of  a  cycle, 
or  90^,  ahead  of  the  coil  2,  2,  the  current  it  will  deliver  to 
the  wire  1,  will  be  one-quarter  of  a  cycle  ahead  of  the  current 
delivered  by  the  coil  2,  2,  to  the  wire  2.  Consequently,  when 
the  current  waves  ai*e  at  their  crests,  or  maximum  strengths, 
in  one  wire,  say  1,  they  will  be  at  their  minimum  strengths, 
or  at  zero,  in  the  otlier  wire,  2. 

1 ^ 


Fig.  164 — Diagram  of  Two-Phase  System. 

Multiphase  systems  have  recently  come  into  extended  com- 
mercial use,  owing  to  the  convenience  they  ofifer  for  the  elec- 
tric transmission  of  power  ;  for,  as  we  shall  see  subsequently, 
multiphase  motors  are  very  simple,  both  in  their  construction 
and  operation. 

Fig.  165,  shows  a  Westinghouse  composite  type  of  belt- 
driven  two-phase,  or  diphase  generator.  Here,  as  in  most 
diphase  altematora,  there  are  two  pairs  of  collector  rings,  one 
pair  for  each  circuit  and  phase.  The  machine  shown  is  a  75 
K.W.  generator,  and  is  usually  wound  for  either  1,000  or  2,000 
volts.  It  is  a  compounded  machine,  being  mainly  excited  by  a 
separate  exciter  not  shown  in  the  figure,  as  well  as  by  rectified 
currents  supplied  by  means  of  the  commutator  from  an  auxili- 
ary winding.  The  connections  between  the  armature  and  the 
external  circuit,  together  with  the  compound  winding,  are 
shown  in  Fig.  166.  A  A,  is  a  closed-circuit  armature  winding 
which  is  tapped  at  four  equidistant  points,  1,  2, 3  and  4.  These 
points  are  90*^  apart,  and  are  led  to  the  four  collector  rings 
through   two  primary  coils  wound  upon  the  internal  spokes 
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of  the  armature.  A  secondary  winding  is  placed,  as  shown, 
in  magnetic  connection  with  both  primaries,  and  in  which  an 
alternating  pressure  is  generated  in  proportion  to  the  strength 
of  the  main  armature  cun-euts.     The  commutator  has  the 


Fig.  105— West inghouse  To  K.  W.  Two-Phase  Generator. 

brushes  resting  upon  it,  which  carry  ofif  the  rectified 
current  to  the  auxiliaiy  field.  The  brushes  resting  on  the 
collector  rings  are  connected  to  the  four  line  wiresl,  2, 3 
and  4.  Between  1  and  3,  and  also  between  2  and  4,  there 
exists  a  pressure  of  2,000  volts,  since  this  represents  the  pres- 
sure across  diameters  of  the  armature.     Between  neighboring 
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Fig.  167— Field  of  75  K.  W.  60-Cycle  Westlnghonse  Two-Phase  Generator, 
Showing  Fieid-Coils  in  Place, 


Fig.  168— Armature  of  75  K.  W.  Westinghouse  Two-Phase  Generator. 
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conductoi*s  1  and  2, 2  and  3,  or  8  and  4,  there  is  a  pressure  o£ 
about  1,400  volts.  Fig.  167,  shows  the  field  and  Fig.  168^ 
the  armature  of  this  generator.  It  will  be  seen  that  there 
are  10  poles.  Since  the  speed  of  revolution  is  720  revolu- 
tions per  minute,  the  frequency  will  be  7,200  alternations 
per  minute,  or  60  cycles  per  second,  in  each  main  circuit,  the 
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Fig.  Id6— Diagram  of  Connections  for   ••Westinghouse'*  T\vo-Phase 

Generator. 

two  currents  being  out  of  step  by  one-quarter  of  a  cycle.^ 
It  will  be  observed  that  tlie  ai*mature  is  toothed,  but  has  a 
dt9tribt£ted  winding^  that  is  to  say,  the  winding  is  distribu- 
ted over  its  surface  and  not  wound  in  coils  around  polar  pro- 
jections. 

The  dimensions  of  these  machines,  in  the  most  commoa 
sizes,  are  indicated  in  Fig.  169,  by  reference  to  the  accompany* 
ins:  table. 

^  P— Vol.  6 


Digitized  by 


Google 


252 


Mecent  2'ypes  of 


xmt- 


SS 


-P-; 


Fig.  160— Dimenglons  of  **  Westinghouse  "  Standard  Tolyphase  Generators. 
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Fig.  170,  is  a  diagram  of  the  circuit  connections  of  a  di- 
phaser.  Four  wires,  1,  2,  3  and  4,  run  from  the  machine. 
At  A,  two  transformers  are  installed  Ti,  and  Tj.  These 
transformera  reduce  the  2,000-volt  pressure  between  wires  1 
and  3,  and  2  and  4,  to  100  volts  in  their  secondaries.  The 
secondary  of  Ti  is  connected  to  an  incandescent  lamp  circuit 
Li.  The  secondary  of  Tj  is  connected  to  an  arc-light  circuit 
A,.  Single-phase  currents  flow  in  each  of  these  secondary 
circuits,  but  these  single-phase  currents  differ  in  phase  by  a 


Table  op  Approximate  Dimensions  of  Westinghouse  Polyphase 

Generators. 
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quarter  cycle.  The  two  secondaries,  however,  are  jointly  led 
to  the  three  terminals  of  a  two-phiuse  motor  M,  and  by  this 
means,  two-phase  currents  are  supplied  to  the  motor  for  its 
operation.  Similar  connections  are  shown  at  B,  except  that 
the  intermediate  primary  pressure  of  1,400  volts  is  employed 
in  combination  for  the  operation  of  the  diphase  motor  m, 
while  the  single-phase  pressure  of  2,000  volts  between  wires 
1  and  3,  is  reduced  to  a  single-phase  pressure  of  100  volts  for 
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incandescent  lamps  1,  and  reduced  to  a  single-phase  pressure 
of  30  volts  for  arc  lamps  a. 

Fig.  171,  shows  a  Westinghouse  two-phase  generator 
directly  connected  through  a  flexible  coupling  to  a  Westing- 
house  engine.  It  is  a  375  K.W.  generator,  has  14  poles  in  its 
field  frame,  and  runs  at  215  revolutions  per   minute.     The 


I. 
L 

Fig.  172— "Westinghouse"  180  K.  W.  Two-Phase  BelUDriven  Gener.Uor. 

frequency  in  each  circuit  is  3,000  alternations  per  minute, 
or  25  cycles  per  second.  This  generator  is  situated  in  the 
power-house  of  the  Westinghouse  Company's  works  at  East 
Pittsburgh,  and  delivei*s  current  at  200  volts  pressure  for 
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distribution   to   motors  throughout  the  works  without  the 
intei-position  of  transformers. 

The  low  frequency  of  25  cycles-per-second  is  employed 
in  some  cases  as  suitable  for  operating  alternating-current 
motors. 


Fig.  I7.V-"  Westlnghouse"  650  K.  W.  Two-Phase  Generator. 

A  Westinghouse  Electric  and  Manufacturing  Company*8 
"180  K.W.  diphase  belt-driven  generator  is  shown  in  Fig.  172. 
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Il(.  175— Boring  Field  of  1500  K.  W.  2-Phase  Engine  Type  Generator. 
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The  armature  has  four  collector  rings  connected  to  the  main 
terminals  T,  T,  t,  t.  f  f,  are  the  terminals  of  the  compound- 
ing field  coils,  which  are  supplied  from  the  brushes  resting 
on  the  commutator  C.  The  armature  of  this  machine  has  76 
slots,  and  the  field  has  14  poles.  Within  the  armature  are 
the  series  transformers,  by  means  of  which  the  pressure  at 
terminals  is  automatically  maintained  under  load. 


r 


Pig.  174—**  Westinghouse  "  225  K.  W.  Tri-Phase  Inductor  Generator. 

A  larger  diphase  Westinghouse  generator  is  shown  in 
Fig.  173.  This  is  a  650  K.  W.  machine  with  46  poles,  f  f 
being  the  field  terminals.  The  armature  connections  are  made 
with  t!ie  collector  rings  through  four  strap  conductors  placed 
at  quadrants. 
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Fig.  174,  shows  a  Westinghouse  Electric  and  Manufactur- 
ing Company's  225  K.  W.  tri-phase  inductor-generator.  Here 
the  motor  consists  of  a  polar  frame,  magnetized  by  a  single 
magnetizing  coil. 

The  operation  of  boring  out  the  field  frame  of  a  Westings 
house  1,500  K.  W.  alternator  of  the  engine  type,  is  shown  in 


Fig.  Hd—"  Westinghouse*'  Type  "6"  Switchboard. 

Fig.  175.     A  chip  is  taken  ofiE  by  each  end  of  the  long  cutter 
arm,  to  expedite  the  work  and  balance  the  stresses. 

Fig.  176,  shows  a  Westinghouse  Electric  and  Manufactur- 
ing Company's  type  "  6  *'  switchboard  for  two  diphase  gen- 
erators delivering  current  to  feeders  at  about  2,000  volts 
pressure.     The  first  panel  G,  is  a  300  K.  W.  genemtor  panel. 
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A  and  a,  are  100  ampere  ammeters,  one  for  each  diphase 
armature  circuit,  v,  is  the  voltmeter,  which  may  be  trans- 
ferred to  either  circuit.  S,  is  the  main  generator  plunger 
switch-handle,  the  diphase  connections  being  made  and 
broken  at  the  back  of  the  board,  F,  is  the  generator  field 
rheostat. 


Fig.  177— Rear  View  of  Switchboard  Shown  in  Pig.  176. 

Panel  H,  only  differa  from  panel  G,  in  the  fact  that  the 
generator  connected  thereto  has  500  K.  W,  capacity,  and  the 
instruments  are  correspondingly  arranged. 

On  panel  I,  are  two  integrating  wattmeters,  W  and  W,  ona 
for  each  diphase  circuit.     These  record  the  total  amount  of 
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electrical  energy  supplied  by  the  generators  jointly  to  each 
diphase  circuit  in  watt-hours  or  kilowatt-hours.  M,  M',  are 
main-circuit  ammeters,  one  for  each  diphase  circuit,  and  in- 
dicating the  total  current  supplied  by  both  generators  to 
these  circuits. 

Panels   J,  K,  L,  M,  are   feeder  panels   carrying  diphase 
switches  s,  s>  s,  s. 


Fig.  178— 5000-11..  P.  Two-Phase  Generator  at  Westinghouse  Factory. 

The  back  of  this  board  is  shown  in  Fig.  177.  It  is  only 
partly  wired.  S,  S',  are  the  main  switches.  F,  F',  show  a 
circle  of  clips  to  which  are  soldered  wires  running  to  separate 
field  rheostats.  In  other  words,  the  field-rheostat  boxes,  being 
somewhat  too  large  to  fasten  directly  to  the  back  of  the 
switchboard,  are  placed  in  a  separate  structure  and  connected 
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Pig.  179— "Westlnghouse"  Electric  5000-H.  P.  Niagara  Falls  Generator. 
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by  a  number  of  wires  to  the  contacts  on  the  switchboard  face. 
X,  X',  are  the  exciter  rheostats.  B,  B,  are  the  four  diphase 
bus-bars  which  are  supplied  by  tlie  generators  through  the 
switches  S,  and  which  supply  the  various  feeders  tlirough 
the  switches  «.  T,  T,  ai-e  transformers  for  operating  the  volt- 
meters at  a  reduced  pressure. 

Fig.  178,  shows  the  Westinghouse  Electric  Company's  first 
five-thousand  hoi*se-power  diphase  generator,  employed  in 
the  power-transmission  system  of  the  Cataract  Construction 
Company,  for  the  distribution  of  power  from  Niagara  Falls. 
P,  is  the  cast  iron  pedestal  which  supports  the  stator  armature. 


Fig.  ISC^-Westinghouse  Electric  Field-Ring  with  Poles  and  Bobbins  in 
Place  for  Niagara  Falls  Two-Phase  Generator. 

F,  is  the  external  rotor  field  frame  which  is  of  the  umbrella 
type.  V,  is  a  ventilator  placed  in  the  field  cover,  for  forcing 
air  through  the  machine  when  in  operation,  r,  is  a  pair  of 
collector  rings  for  supplying  continuous  current  to  the  re- 
volving field.  A  detached  armature,  for  a  machine  of  the 
same  size,  is  shown  at  A. 
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The  construction  of  the  machine  is  readily  seen  from  an 
insi>ection  of  Fig.  179,  which  represents  the  first  generator  in 
process  of  installation  at  the  Niagara  Power  House.  T,  is 
the  vertical  turbine  shaft,  which  carries  the  rotary  field.     AA, 


^^'^"'"'^"^^'<|J^NVS.X>S>--^^*^>SV 


^^^^N^ 


Fig.  181— Vertical  Section  of  one  of  tlie  5000-11.  P.  **  Westinghouse  "  Niagara  Generators. 

is  the  stator  armature,  and  FF,  the  rotor  field,  suspended  over 
its  shaft.  The  interior  of  the  revolving  field-ring  is  shown 
in  Fig.  180.     Twelve  field  poles  are  here  shown,  bolted  in 
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position  around  the  periphery  of  the  ring.     Each  field  pole 
carries  a  massive  exciting  coil. 

Fig.  181,  shows  a  vertical  cross-section,  and  Fig.  182,  a 
horizontal  cross-section,  of  one  of  these  generators.     These 


¥\    182— Horizontal  Section  of  one  of  the  5000-H.  P.   **  Westinghouse  "  Niagara  Generators, 

machines  weigh  170,000  pounds  each,  of  which  79,000  pounds 
are  in  the  rotor,  and  the  remainder  in  the  stator.     Each  gen- ' 
,  erator  is  11  feet  6  inches  high,  to  the  top  of  the  bridge  floor  ; 

the  external  diameter  is  11  feet,  7  J  inches.    The  speed  of 
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rotation  is  250  revolutions  per  minute.  Consequently,  the 
frequency  of  alternation  is  3,000  alternations  per  minute, 
or  25  cycles  per  second.  The  armature  is  w^ound  with  two 
separate  diphase  circuits,  in  each  of  which  the  pressure  is, 
approximately,  2,000  volts.  The  field  is  excited  by  a  con- 
tinuous cuiTcnt,  at  a  maximum  of  150  volts,  and  consumes 
less  than  15  horse-power. 


Fig.  1S.3— **  Westinghouse ''  5000-H.  P.  2-Phase  Generators  at  Niagara  Falls 

Fig.  183,  shows  three  Westinghouse  diphase  5,000  H.  P. 
generatoi-s,  installed  in  the  power-house  at  Echota.  No.  % 
was  running  at  the  time  the  photogmph  was  taken.  G  G,  i& 
the  switchboard  gallery.  A,  A,  are  two  of  the  four  pedestals 
receiving  the  armature  terminals.  ^  ^,  is  a  turbine  gov- 
ernor. 
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Fig.  184,  shows  a  geiieial  view  of  the  Echota  Power 
House  of  the  Cataract  Construction  Company,  with  three 
WestinghousQ  5,000  H.  P.  genqratora  installed.  T,  T,  are 
i*otary  transformei's  for  supplying  a  Continuous  current  to 
the  revolving  field  magnets  of  the  generators.    S,  is  the  gen- 


Fig.  181— **  Westinghonse**  5000-H.  P.  2-Pha8e  Generators  at  Niagara  Falls. 

erator  switchboard,  s,  is  the  rotary-transformer  and  field- 
magnet  switchboard.  At  S,  each  generator  has  a  separate 
switchboard,  with  two  sets  of  instruments,  one  for  each  of 
the  diphase  armature  circuits.  The  instruments  in  the  top 
K>w  awt  ammeters  J- tlKJfia  in   the  second  row,  voltmetei-s  ; 
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Fig.  188— End  Elevation  and  Plan  of  **  Westlnghouse"  1200-K.  W.  Direct 
Connected  Two-Phase  Generator. 
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Fig.  185— Field  Frame  of  Westlnghouse  1200^K.  W.  Direct-Connected 
Two-Pliase  Generator. 
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Fig.  186— Armature  of  **  Westlnghouse  **    1200.K.  W.  Dlraei^hMiiieetad 
Two-Phase  Generator. 
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the  third  row,  wattmetei's ;  and  on  the  fourth  row  is  a  sin* 
gle  continuous-current  ammeter  in  the  field  circuit.  There 
are  also  phase  indicators  for  connecting  the  machines  in 
pamllel.  All  the  instruments  are  operated  tlirough  trans- 
formers, so  that  they  are  not  in  metallic  connection  with  the 
2,000-volt  generator  pressure.  The  main  switches  are  situated 


Fig.  1S9— Side  Elevation  of  *•  Westinghonse''  1200-K.  W.  Direct-Connected 
Two-Phase  Generators. 

immediately  l)elow  the  gallery,  and  are   operated  by  com- 
pressed air  under  control  from  the  gallery. 

Figs.  185,  186  and  187,  show  the  field,  armature  and  as- 
sembled machine,  of  one  of  the  Westinghouse  Company's 
diphase  direct-driven  generatoi-s,  as  built  for  the  Missouii 
Electric  Light  and  Power  Company,  Saint  Louis,  Mo.  This 
machine  gives  1,200  K.  W.,  at  1,200  volts  pressure,  and  runs 
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at  180  revolutions  per  minute.  It  has  40  poles,  consequently, 
the  frequency  of  alteration  is  7,200  alternations  per  minute, 
or  60  cycles  per  second.  It  is  directly  connected  to  a  triple- 
expansion  compound-engine,  of  the  Lake  Erie  Engineering 
Company.  Each  pole-piece  is  made  up  of  1,600  soft  steel 
plates,  clamped  side  by  side,  and  cast  into  the  field  fi*ame. 
The  armature,  which  is  10  feet  in  diameter,  is  of  the  regular 
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Fig.  190— Diagram  of  Connections  for  *'  Westinghouse  "  Three-Phase  Generators. 

iron-clad  type,  with  ventilated  spaces,  and  forms  the  fly-wheel 
of  the  engine.  The  dimensions  of  this  machine  are  given  in 
Figs.  188  and  189. 

The  Westinghouse  diphasers  of  the  type  represented  in 
Fig.  145,  are  also  wound  as  triphasers.  In  this  case  there 
are  three  collector  rings  on  the  shaft  instead  of  four.     The 
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armature  is  tapped  at  three  equidistant  points,  120°  apart, 
instead  of  in  four,  90°  apart,  as  in  diphasers,  and  one  collector 
ring  is  connected  to  eacli  of  the  three  taps.  The  connections 
of  a  conii)Osite  field,  or  compound-wound  tri[>haser  with  the 
external  circuit,  are  lepresented  in  Fig.  190.  Here,  the  arm- 
ature is  tapped  at  tlie  points  1,  2  and  3,  which  are  con- 
nected to  their  respective  collector  rings  through  the  primary 
coils  of  a  small  series  transformer,  wound  on  the  internal 
spokes  of  the  armature.     The  secondary  coil  of  this  trans- 


Fig.  191— Four  **  General  Electric"  7.jO-K.  W.  Dlrert-Driven  Tripliase 
Genenitors. 

former,  excited  by  the  main  line  currents,  is  connected  to 
the  auxiliary  field  winding,  through  the  commutator,  as  shown. 
Each  collector  ring  is  connected  by  its  brush  with  one  of  the 
external  conductors. 

Fig.  191,  shows  four  of  the  General  Electric  Company's  750 
K.  W.  direct-driven  tiiphase  generatoi*s,  installed  at  the  Fol- 
som  2:eneratini]r  station  of  the  Sacramento  Electric  Power  and 
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Light  Company.  These  are  24-pole  machines,  running  at  300 
revolutions  per  minute,  and,  therefore,  having  a  frequency  of 
60  cycles  per  second.  They  generate  a  pressure  of  gOO  volts, 
which  is  raised  to  11,000  volts  by  step-up  transformei-s  for 
transmission  to  Sacramento,  a  distance  of  24  miles.  Tliese 
machines  are  so  wound  that  when  a  full  non-inductive  load 
is  thrown  off,  the  pressure  only  rises  6  p.  c,  at  the  teiminals. 
The  machines  are  direct-connected  to  horizontal  turbine 
shafts.  They  have  three  collector  rings,  and  a  commutator 
for  compounding.  The  switchboard  for  controlling  these 
four  machiaes  is  shown  on  the  right-band  side  of  the  figure. 


Fig.  102—**  General  Electric  "  Three-Phiwe  G^itierator,  790-K.  W. 

A  General  Electric  Company's  three-pluise  generator  of 
750  K.  W.,  installed  at  Columbia,  S.  C,  is  represented  in 
Fig.  192.  This  machine  has  32  poles, and  runs  at  150 revolu- 
tions per  minute,so  that  its  frequency  is  40  cycles  per  second. 
It  has  laminated  field  poles,  cast  into  the  field  frame,  and 
develops  a  pressure  of  3,450  volts  in  each  circuit. 

A  General  Electric  Company's  three-phase  generator  con- 
structed for  the  Lachine  Rapids  Land  and  Improvement 
Company,  supplies  light  and  powder  a  distance  of  6.1  miles 
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to  Montreal.  This  machine  is  shown  in  Fig.  192  A.  It  has 
40  poles,  and  runs  at  175  revolutions  per  minute,  or  has  a 
frequency  of  68.3  cycles  per  second.    It  delivers  750  K.W.  or 


Fig.  192  A—"  General  Electric  "  750  K.  W.  Three-Phase  Generator. 

1,000  H.P.,  at  a  pressure  of  4,400  volts  in  each  circuit.  The 
field  is,  in  this  case,  the  rotor,  and  the  armature  is  the  stator^ 
Each  pole  of  the  revolving  field  is  bolted  to  a  forged  steel 
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ring,  forged  without  a  weld.  The  field  coils  are  formed  of 
rectangular  ribbon,  or  strip  copper,  wound  on  edge.  The 
collector  rings  are  of  cast  iron  with  carbon  brushes.  The 
stationary  armature  may  be  slid  sidewise  for  convenience  of 
inspection,  cleaning,  or  repairs  to  either  armature  or  field. 
It  also  has  the  usual  screw  bolts  for  adjustment  in  a  vertical 
direction,  thus  permitting  the  movement  of  the  armature  so 
as  to  keep  it  at  all  times  concentric  with  the  revolving  field 
and  regulating  the  bearing  wear. 

Fig.  193,  shows  three  General  Electric  Company's  tri- 
phasers,  and  two  continuous-current  machines,  installed  at 
the  generating  station  of  the  Portland  General  Electric  Com- 
pany, Portland,  Oregon.  The  three-phase  generators  have 
twenty  poles  and  generate  450  K.W.  at  a  pressure  of  6,000 
volts  in  each  circuit.  They  run  at  200  revolutions  per 
minute  and,  therefore,  liave  a  frequency  of  33  cycles  per 
second.  They  are  mounted  directly  on  the  vertical  shafts 
of  turbine  wheels.  Three  collector  rings  of  each  machine 
are  visible  above  the  platforms.  The  continuous-cuiTent 
machines  are  six  pole,  280  K.W.  generators  delivering  650 
volts  at  125  revolutions  per  minute,  and  are  also  mounted  on 
vertical  turbine  shafts.  The  three-phase  generators  transmit 
power  by  triphase  alternating  currents  on  three  conductoi*s  to 
step-down  transformei*s  at  Portland,  a  distance  of  fourteen 
and  one-half  miles,  where  a  rotary  converter  of  a  type  to  be 
subsequently  described,  converts  the  alternating  currents  into 
n  rnntinuous  current,  wliich  is  delivered  to  a  street  railway 
al  500  volts  pressure.  This  plant,  which  was  installed  in 
Jlo-y,  1895,  was,  probably,  the  first  instance  of  the  operation 
of  a  street  railroad  by  triphase  currents  through  a  rotary 
transformer,  at  a  considerable  distance  from  the  generator. 
The  street-railway  system  at  Buffalo,  N.  Y.,  is  at  the  present 
time  opemted  in  part  by  Niagara  power,  transmitted  a  distance 
of  some  twenty  miles. 

The  connections  of  a  General  Electric  Company's  composite- 
field,  or  compound-wound  three-phase  generator  are  shown 
in  Fig.  194.     The  main  excitation  is  supplied  by  a  sepamte 
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exciter  of  the  usual  continuous-cuiTent  type.     The  compound 
exoitatiou  is  supplied  by  commuting  a  portion  of  the  main 


fig  194.— Connections  for  Series  Field  of  **  General  Electric**  Three-Phase  Generator. 

armature  current.     This  is  accomplished  by  connecting  the 
three  terminals  2,  4  and  6,  of  the  rotating  armature  with  the 
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successive  bai^  of  the  commutator.  The  brushes  rest  on 
this  commutator,  and  carry  the  commuted  current  to  the 
auxiliary  field-winding,  which  is  shunted  by  a  stationary 
shunt  as  shown.  The  three  triphase  armature  windings  are 
taken  from  the  triangular  rotating  shunt  as  a  centre  and  ter- 
minate at  the  points  1,  3  and  5,  which  are  connected  directly 
to  the  main  collector  rings.  The  auxiliary  excitation  is, 
therefore,  taken  from  the  centre  of  the  armature  winding. 
The  degree  of  compounding  required  may  be  varied  by 
adjusting  the  external  stationary  shunt. 

Where  two  or  more  three-phase  generatoi-s  are  installed  in 
a  station,  it  is  often  important  to  be  able  to  operate  them  in 
parallel,  tliat  is  to  say,  connect  them  together  so  that  they  all 
deliver  their  currents  simultaneously  through  a  set  of  bus- 
bars into  the  same  circuit,  like  incandescent-lighting  con- 
tinuous-current generators,  or  railway  generatoi-s.  With 
continuous-current  generatoi"s,  it  is  a  comparatively  simple 
matter  to  connect  them  in  parallel,  since  it  is  only  necessary 
to  connect  all  the  positive  terminals  together  to  the  positive 
bus-bar  and  JiU  the  negative  terminals  to  the  negative  bus- 
bar, taking  care  that  the  pressure  at  the  terminals  of  each 
new  macliine  introduced  shall  be  practically  the  same  as  the 
bus-bar  pressure;  since  otherwise,  a  powerful  current  would 
be  thrown  upon  the  new  machine  at  the  instant  of  closing  its 
switch.  With  alternators  running  in  parallel  it  is,  besides 
this,  necessary  that  they  shall  be  practically  in  step  at  the 
moment  of  closing  their  switch,  and  this  is  a  more  important 
consideration  than  the  equality  of  their  pressure.  If  they  are 
not  in  step  at  the  moment  of  throwing  them  on  the  circuit,  a 
powerful  current  is  sent  through  the  armature  tending  to 
bring  it  into  step,  and  this  may  either  blow  the  fuses  or 
injure  the  machine.  With  multiphasei's,  it  is  also  important 
that  they  should  be  thrown  into  step  i)hase  with  phase. 
Tlie  switchboard  connections  suitable  for  throwing  two  of 
the  General  Electric  Company's  three-phase  generators  to- 
gether, in  parallel,  are  shown  in  Fig.  195.  Ai,  ,A2,  are 
the  two  armatures,  the  fields  of  which  are  partly  separately 
excited  and  partly  compound  excited,  the  amount  of  tliecom- 
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pounding  being  controlled  by  the  series  compounding  rheo™ 
stats,  on  the  right-hand  side  of  each  machine  in  the  dia- 
gram, forming  a  stationary  shunt.  Let  us  suppose  that 
the  machine  Aj,  is  connected  with  tlie  external  circuit 
wires  or  bus-bars  1,  2,  3,  by  the  switch  Si.  If  now  the 
load  increases  so  that  it  is  necessary'  to  operate  the  machine 
Ag,  this  is  first  run  up  to  speed  and  excited  to  standard  pres- 
sure by  its  exciter.  The  double-plug  switch  Ss,  is  then  closed, 
connecting  the  primary  of  tlie  stationary  transformer  T^,  with 
the  bus-bars  through  the  secondary  coil.  This  causes  the 
synchronizing  lamps  L,  to  light  up  as  soon  as  the  secondary 
circuit  is  closed  through  the  single-pole  switch  S^.  The  pri- 
mary of  the  other  station  transformer  T,,  is  then  excited  from 
the  right-hand  double-plug  switch  Sj,  which  connects  it  with 
the  outside  terminals  of  the  armature  A2.  There  aie  thus 
two  generators  at  work  in  opposition  to  each  other  upon 
the  synchronizing  lamp  L.  T^,  being  opemted  by  the  new 
machine  83,  and  T.>,  being  operated  from  the  bus-bai-s,  and, 
therefore,  by  the  working  machine.  If  tlie  new  machine  is 
not  exactly  in  step  with  the  working  machine,  the  lamps  L, 
will  glow,  waxing  and  waning  alternately  with  greater  or  less 
rapidity.  The  speed  of  the  armature  must  be  so  controlled 
that  the  glowing  and  waning  take  i)lace  more  and  more 
slowly,  until  finally  the  lamps  are  extinguished  for  a  decided 
period.  The  two  machines  are  now  in  ste{)  and,  therefore,, 
completely  oj)[)ose  each  other,  as  is  shown  by  the  disappear- 
ance of  the  secondary  current  and  the  extinction  of  the  light* 
The  switch  S.,,  of  the  new  machine,  is  thrown  at  this  instant^ 
when  the  new  machine  will  be  coupled  electrically  with  the 
original  one  and  both  will  continue  to  operate  in  step.  The 
double-pole  equalizer  switch  S^,  should  then  be  closed  so  as  to 
throw  the  two  field-windings  in  parallel  and,  therefore,  equal- 
ize the  compounding,  so  that  any  change  in  load  shall  have 
an  equal  influence  on  the  two  machines.  After  the  machines 
have  once  been  thrown  in  multiple,  switches  S^  and  S^,  may 
be  opened,  leaving  S3,  closed  to  operate  the  switchboard  lamps 
1,  1,  as  pilot  lights  from  the  bus-bars. 

Figs.  196  and  197,  show  with  the  accompanying  table,  the 
19 
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dimensions  of  the  most  common  sizes  of  General  Electric 
Company's  triphasers.  These  are  also  wound  as  diphasers 
for  diphase  systems  at  the  usual  pressures. 

Fig.  197  A,  shews  the  circuit  connections  frequently  em- 
ployed with  a  triphase  system.  A,  is  the  three-phase  gen- 
erator, operated  by  a  Pelton  water-wheel.  The  three 
collector  rings  of  this  generator  are  directly  connected  to  the 
three  lines  wires,  between  any  pair  of  which  there  may  be, 
say,  2,000  volts ;  this  pressure  being  determined  by  the 
armature  winding,  and  being  designed  for  the  distance  to 


Fig.    197 — Diagram  of  Dimensions   of   "General  Electric"    Belt-Driven 
Multiphase  Generator. 

which  the  power  has  to  be  transmitted.  At  D,  is  a  three- 
phase  rotary  converter,  which  receives  three-phase  cunents 
at,  say,  380  volts  pressure  from  the  three  ste^vdown  trjuis- 
formei's,  and  converts  them  to  continuous  currents  at,  say, 
550  volts  pressure,  delivered  at  its  commutator  brushes  to 
the  street  i*ailway  system  indicated.  At  F,  is  a  series  of  in- 
candescent lamps,  such  as  might  be  employed  in  street 
lighting,  and  bridged  across  one  pair  of  the  high-pressure 
mains.  At  H,  is  an  alternating  current-arc  lamp,  operated 
at  about  35  volts  pressure  by  a  separate  stei)-down  trans- 
former.    At  C,  is  a  three-phase  induction  motor,  capable  of 
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starting  under  full  load/and  operated  at,  say,  110  volts,  with 
three-phase  currents  delivered  from  a  pair  of  transformers, 
supplied  by  two  sides  of  the  high-pressure  system.  At  G,  is 
a  three-wire  incandescent  lighting  system,  each  side  receiving 
say,  110  volts,  and  the  currents  in  the  two  sides  being  in 
three-phase  relationship  to  each  other.  At  E,  is  a  single- 
phase  incandescent  lighting  and  fan  motor  system  supplied 
from  one  side  of  the  high-pressure  system.  At  B,  is  a  syn- 
chronous three-phase  motor,  receiving  tlie  full  pressure  of 
the  line,  and  capable  of  starting  under  light  load. 

The  line  connections  of  a  triphcose  long-distance  transmis- 
sion system,  are  indicated  diagrammatically  in  Fig.  198.  A,  is 
the  three-phase  generator  driven  by  a  Pelton  water  wheel. 
B,  shows  three  transformers  connected  each  with  a  primary 
between  one  pair  of  collector  rings.  The  pressure  is  raised 
in  these  ti*ansformei-s,  which  are  tlierefore  called  step-up  trans' 
formers^  from  say  2,000  volts  to,  say  11,000  volts.  This  is 
done  in  order  to  secure  economy  of  copper,  in  transmission 
along  the  three  triphase  transmission  lines,  1,  2  and  3. 
i  The  transmission  lines  supply  three  sets  of  ste^^down  trans- 
I  formers,  Ci,  C^  and  Cg,  situated  at  different  points.  C„  con- 
stitutes a  sub-station^  where  the  pressure  is  reduced  from 
10,000  volts  to,  say,  2,000  volts,  on  the  triphase  distribution 
lines  a,  b  and  c.  Tliese  supply  a  synchronous  three-pliase 
i  motor  at  M,  without  the  intervention  of  transformei-s  ;  induc- 
tion motoi-s  as  at  m,  tlirough  the  intermediary  of  step-down 
transformei*s,  with  115  volts  in  their  secondaiy  circuits,  and 
groups  of  incandescent  lamj^s,  such  as  L',  L,  and  L,  L„  supplied 
on  the  two-wire  or  three-wire  system  at  115  volts,  tlirough 
step-down  tmnsformers. 

The  group  of  step-down  transformers  C2,  reduce  the  pres- 
sure directly  to,  say  120  volts,  for  local  distribution  to  two 
induction  motoi-s  such  as  F,  incandescent  lamps  such  as  I  and 
J,  and  arc  lamps  such  as  H.  The  pressure  is  regulated  by 
the  regulatoi*s  G.  The  group  of  step-down  transformers  C3, 
reduce  the  pressure  to  a  suitable  amount  for  supplying  the 
rotary  transformer  D,  from  which  a  continuous   cunent  is 
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per  second),  or  8,000  alternations  per  minute  (66*7  cycles  per 
second).  They  are  usually  wound  in  such  a  manner  that 
they  may  be  connected  up  together,  either  for  1,000  volts  or 
for  2,000  volts  in  each  diphase  circuit.  In  large  sizes  they 
are  wound  up  to  10,000  volU  as  required.  The  machine 
shown  in  Fig.  199,  is  directly  connected  to  a  Willans  engine. 

Figs.  200  and  201,  show  a  180-K.  W.  Stanley-Kelly  Com- 
pany's diphaser,  with  the  armature  fi*ame  open  and  closed. 
A  A,  is  the  stater  armature  ring  wound  with  coils  situated  in 
grooves  in  a  laminated  iron  core,  n,  n,  n,  are  the  projecting 
pole-pieces  of  the  revolving  field-magnet  core,  excited  by  the 
stationary  field  coil  C,  C,  which  receives  its  current  through 
the  wires  shown  P,  is  the  main  pulley ;  p,  the  exciter  pulley ; 
L„  the  belt-tightening  lever ;  and  L^  the  armature  opening 
lever. 

Some  of  the  dimensions  of  the  Stanley  belt-driven  two-phase 
alternatoi-s  are  given  in  the  accompanying  table. 

Dimensions  of  Standard  Bklt-driven  Two-phase   Alternating- 
Current  Generatobs. 
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Speko. 
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300 

400 

400 

50 

38 

400 

533 

333 
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48 

500 

666 

286 

72 

51 

600 

800 

286 

72 

51 

Fig.  202,  shows  the  rotor  of  one  of  these  generators,  pro- 
vided with  8  polar  projections  at  each  end.  These  pro- 
jections consist  of  sheets  of  iron  of  the  proper  shape,  assem- 
bled  and   clamped  together  on  a  steel    cylinder.     All    the 
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projections  at  one  end  are,  say  of  north  polarity,  and  all  the 
projections  at  the  other  end,  of  opposite  or  south  polarity, 
under  the  influence  of  the  magnetizing  coil,  which  is  wound 
over  the  central  portion  of  the  steel  cylinder  Y.  This  ma- 
chine is  of  the  inductor  type,  as  no  copper  wire  is  rotated  in 
it. 

The  method  of  construction  enables  the  armature  coils  to 
be  readily  replaced  in  case  of  accident  to  them. 

Fig.  203,  shows  a  belt-driven  240-K.  W.  S.  K.  C.  diphaser, 
with  wheel  handles  for  belt- tightening  and  armature  opening. 
The  terminal  board  B,  is  provided  with  two  marble  panels,  to 
receive  the  field  and  armature  terminals.  The  interior  space 
is  separated  into  compartments  for  convenience  in  insulation* 
The  two  handles  shown  on  this  terminal  board  are  for  the 
purpose  of  varying  at  will,  within  certain  limits,  the  pressure 
of  each  of  the  two  diphase  circuits  by  cutting  in  or  out  some 
of  the  armature  coils.  By  changing  the  connections  at  this 
terminal  board,  the  pressure  of  the  machine  can  be  varied 
from  1,000  to  2,000  volts  in  each  circuit.  -- 

The  diphase  and  triphase  systems  were  introduced  almost 
entirely  for  the  purpose  of  being  able  to  operate  alternating- 
current  motors  on  the  distribution  system.  Prior  to  the  in- 
troduction of  multiphase  systems,  Uniphase  generators  could 
be  operated  as  motors  under  suitable  conditions,  provided  they 
were  first  brought  up  to  speed  before  being  connected  with  the 
circuit.  In  other  words,  a  Uniphase  genemtor  will  not  start 
from  rest  as  a  motor,  when  connected  with  uniphase  mains, 
but  must  first  be  started.  This  introduced  a  serious  diflBculty 
in  all  commercial  applications  in  which  the  motor  was  re- 
quired to  stop  and  start  at  comparatively  frequent  intervals. 
A  combination  system  has,  however,  since  been  developed  by 
the  General  Electric  Company  called  the  monocyclicB  ystem 
The  monocyclic  generator^  or  monocycler^  is  a  uniphaser  pro- 
vided with  an  additional  small  teaser  coil^  wound  in  diphase 
relationshipwith  the  main  uniphase  coil,  and  connected  to  the 
centre  of  the  same.  A  monocylic  generator  has,  therefore, 
three  collector  rings  ;  two  for  the  ordinary  uniphase  coil,  and 
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the  third  for  the  free  end  of  the  small  teaser  coil.  By  this 
means  a  single  pair  of  wires,  taken  from  the  Uniphase  coil,  will 
enable  ordinary  uniphase  incandescent  lighting  to  be  carried 
on.  Where,  however,  a  triphase  motor  has  to  be  operated,  a 
third,  or  power  wire^  usually  of  smaller  size  than  the  main 


M«in  CoM 
Armftlur* 


Pig.  204 — Diagram  Representing  the  Internal  Connections  of  a  Mono- 
cyclic Grenerator. 

Uniphase  wires,  is  carried  to  the  premises  where  the  motor  is 
installed,  and  by  the  aid  of  two  suitably  connected  transform- 
ers, triphase  currents  are  obtainable  from  the  combination  of 
the  Uniphase  and  power  wires,  for  the  purpose  of  operating 
the  motor.     The  monocyclic  system,  therefore,  possesses  in  a 
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Pig.  206— ** General  Electric"  150  K.  W.  Standard  Monocyclic  Generator. 
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large  degree  the  simplicity  of  the  Uniphase  system,  with  the 
advantage  of  being  able  to  supply  triphase  motoi^s  where 
needed,  in  connection  with  a  general  lighting  system.  It 
possesses  advantages,  therefore,  for  systems  of  distribution 
of  both  light  and  power. 

Fig.  204,  diagrammatically  represents  the  connections  of  a 
monocyclic  dynamo.  AA,  is  the  main  armature  winding, 
similar  to  that  of  an  ordinary  uniphaser,  and  producing  a 
pressure  of,  say,  2,080  volts,  bb,  is  the  small  teaser  winding, 
connected  in  diphase  relationship  with  the  main  winding  and 
to  the  centre  of  the  latter.  The  pressure  in  bb,  is  about  520 
volts,  which  is  not  only  about  four  times  less  than  the  pressure 
in  the  main  winding,  but  the  impulses  in  bb,  are  out  of  step, 
or  in  diphase  relation  to  the  impulses  in  the  main  winding 
AA.  The  series  field  is  in  the  main  cii'cuit  of  the  winding 
AA,  and  between  this  winding  and  the  collector  rings,  which 
in  their  turn  are  connected  by  brushes  with  the  three  external 
conductors.  The  mechanical  arrangement  of  winding  is 
represented  at  the  lower  part  of  the  figure.  It  will  be  seen 
that  the  teaser  coil  is  wound  in  slots  crossing  the  centres  of 
the  polar  projections  around  which  the  main  winding  is 
placed. 

Fig.  205,  shows  a  General  Electric  Company's  eighteen- 
pole  150  K.  W.  belt-driven  standard  monocyclic  generator, 
which  runs  at  885  revolutions  per  minute  and,  therefore,  has  a 
frequency  of  7,500  alternations  per  minute,  or 62,5  cycles  per 
second.  It  is  compound-wound,  and  has  three  collector  rings 
and  a  commutator.  The  principal  excitation  is  provided  by 
a  separate  exciter,  while  the  armature  current  is  in  part 
commuted  and  supplied  as  compound  excitation  to  the  field 
magnets. 

Fig.  206,  shows  a  General  Electric  Company's  300-K.  W. 
standard  belt-driven  monocycler,  wound  for  a  maximum  pres- 
sure of  1,150,  2,300  or  3,450  volts.  It  has  20  poles,  and  runs 
at  360  revolutions  per  minute,  having,  therefore,  a  frequency 
of  60  cycles  per  second.  It  is  compound  wound,  weighs 
45,800  pounds,  and  occupies  a  space  of  90  X 156  inches,  X  67^ 
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inches  in  height.  The  pulley  is  53  inches  in  diameter  with 
44  inch  face. 

For  slow-speed  driving,  some  monocyclic  generators  are 
built  with  a  great  number  of  poles.  Fig.  207,  shows  a 
standard  72-pole,  600-K.W.  generator,  driven  directly,  at  a 
speed  of  100  revolutions  per  minute,  or  a  frequency  of  60 
cycles  per  second,  and  delivering  1,200  volts.  The  ai*mature 
is  wound  with  strip  copper  on  edge. 

Fig.  208,  shows  a  80-pole,  800-K.W.  monocyclic  Generator, 
directly  coupled  to  a  Corliss  engine,  and  running  at  90  revo- 
lutions per  minute,  with  a  frequency  of  60  cycles  per  second. 


Fig.  207— "General  Electric"  500-K.  W.  Monocyclic  Generator. 

The  armature  is  16  feet  in  diameter,  and  weighs  nearly  fifty 
tons.  It  is  built  in  four  sections.  Half  of  the  field  of  this 
machine  is  shown  in  Fig.  209.  Its  diameter  is  24  feet,  and 
the  weight  of  the  entire  field,  66  tons.  The  field  poles  are 
of  laminated  steel  cast  into  the  field  frame.  The  operation 
of  boring  an  entire  field  fmme  is  illustmted  in  Fig.  210. 
Here,  an  Edison  bipolar  motor  drives  the  boring  engine  by  a 
short  belt. 

The  connections  of  a  monocyclic  generator  with  its 
distributing  system  are  illustrated  diagramraatically  in  Fig. 
211.     G,  is  the  belt-driven  monocyclic  generator.     1  and  2, 
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Fig.  208— "General  Electric"  800-K.  W.  Direct-Driven  Monocyclic 
Grenerator. 


Fig.  209— Field  Frame  of  **  General  Electric  800  K.  W.  Direct-Driven 
Monocyclic  Generator. 
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are  the  main  transmission  wires,  operated  at,  say,  2,000  volts. 
The  dotted  line  p,  shows  the  power  wire,  which  may  be  of 
half  the  cross-section  of  either  of  the  other  wires,  ti,  shows  a 
step-down  transformer  with  its  primary  connected  across  the 
mains  1  and  2,  and  supplying  incandescent  lamps  on  the 
three  wire  system  at,  say,  220  volts  in  all,  or  110  volts  on 
each  side,  t^^  is  a  step-down  transformer,  supplying  arc 
lamps  in  parallel  at,  say,  80  volts,  t,,  is  a  step-down  trans- 
former, supplying  incandescent  lamps  at  110  volts,  on  the 


Fig.  210— Boring  the  Field  Frame  of  ''  General  Electric  '*  800-E.  W. 
Monocyclic  Qenerator. 

two-wire  system,  and  also  operating  a  small  alternating- 
current  fan  motor,  t^,  is  a  step-down  transformer  operating 
both  incandescent  lamps  and  arc  lamps  on  the  two-wire  system 
at,  say  110  volts.  Tj,  Ti,  are  two  step-down  transformers 
connected  not  only  to  the  mains  1  and  2,  but  also  to  the 
power  wire  p,  and  from  which  triphase  currents  are  ijupplied 
to  the  induction  motor  M^.  Tt,  Tji,  are  a  pair  of  step-down 
transformers,  ako  connected  with  the  power  wire,  and  supply* 

T— Vol.  5 
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ing,  in  secondary  circuits,  incandescent  lamps  on  the  three- 
wire  S3'stem  and  a  triphase  induction  motor  M2. 

The  dimensions  of  standard  monocyclic  generators  are  the 
same  as  those  of  the  standard  triphasei-s  given  in  the  table  on 
page  290,  in  connection  with  Fig.  196. 

Alternators,  whether  uniphasers  or  multiphasers,  should 
always  be  set  up  in  a  cool,  dry  and  clean  place,  upon  solid 
foundations.  The  frame  work  of  a  belt-driven  alternator 
should  be  insulated,  whenever  possible  to  do  so.  This  is 
usually  accomplished  by  capping  the  masonry,  or  brick  founda- 
tion, with  a  varnished  wooden  base  bolted  to  the  masonry, 
and  then  bolting  the  alternator  frame  to  the  wood  work  by 
separate  bolts.  The  base  on  which  the  frame  rests  should  be 
carefully  levelled,  and  the  machine  should  be  set  with  its 
shaft  and  pulley  in  accurate  relation  with  the  driving  shaft 
and  pulley. 

The  commutiitor  should  be  kept  smooth  by  the  application 
of  fine  sand-paper  at  suitable  intervals,  but  this  should  not  be 
applied  until  the  brushes  are  lifted.  The  brushes  should  be 
kept  in  proper  shape  and  condition.  Their  pressure  on  the 
commutator  surface  should  receive  careful  attention.  Too 
much  pressure  is  apt  to  produce  a  cutting  of  the  commutator 
surface,  and  too  little  pressure  is  apt  to  produce  sparking. 
The  surface  of  the  commutator  may  occasionally  be  lubri- 
cated by  a  small  quantity  of  vaseline  applied  by  a  cloth,  but 
never  applied  by  cotton  waste.  ' 

Should  a  hot  bearing  develop,  heavy  oil  should  be  at  fii'st 
copiously  applied,  and  tlie  belt  slackened  as  far  as  may  safely 
be  permitted.  When  a  new  alternator  is  started,  it  should 
be  run  slowly  for  some  time,  to  see  that  its  bearings  are  in 
proper  condition,  and  that  it  operates  without  undue  heating. 
It  is  also  well  to  run  a  recently  shipped  alternator  for  a  day, 
unexcited,  so  as  to  thoroughly  dry  out  the  armature.  When 
an  alternator  is  started,  the  bearings  should  always  first  be 
examined  to  see  that  they  have  a  plentiful  supply  of  oil. 
When  the  machine  is  not  running,  its  brushes  should  be  lifted. 
After  starting,  the  brushes   are  lowered.     The  machine  is 
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then  brought  up  to  speed.  The  exciter  circuit  is  closed, 
and  the  pressure  generated  by  the  machine  is  then  adjusted 
by  the  field  rheostat.  The  load  is  then  thrown  on  the  ma- 
chine and  the  commutator  brushes  are  adjusted  to  the  non- 
sparking  position.  After  the  machine  is  stopped,  it  should 
be  cleansed  of  oil  and  dust.  Copper  dust,  if  allowed  to  ac- 
cumulate, may  injure  a  machine. 
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CHAPTER  IX. 

ALTERNATING-CURRENT     TRANSFORMERS. 

The  alternating-cuiTent  tmnsforiner  is  a  very  important 
piece  of  apparatus  since  it  not  only  enables  electric  power  to 
be  transmitted  to  a  gi-eat  distance  at  a  high  electric  pressure, 
and,  consequently,  at  a  low  cost  in  copper,  but  it  also  permits 
of  the  ready  reduction  of  that  pi'essui'e  to  safe  and  convenient 
limits,  at  the  point  of  delivery. 

All  alternating-current  tmnsformei-s  consist  essentially  of 
a  primary  and  a  secondary  coil  which  are  electrically  insulated 
from  each  other,  but  which  ai'e  magnetically  connected 
through  the  medium  of  a  laminated  magnetic  core,  common 
to  both.  In  other  words,  the  coils  are  so  placed  that  while 
the  cuiTent  which  flows  through  one  is  unable  to  flow  through 
the  other,  yet  the  magnetism  or  magnetic  flux  produced  by 
one  is  threaded  through  the  coils  of  the  other.  By  this  means 
an  induced  pressure  is  generated  in  the  other  coil.  The  coil 
which  receives  the  current  to  be  transfonned  is  called  the 
primary  coil,  while  the  coil  which  delivera  the  transformed 
current  is  called  the  seco7idary  coil. 

Fig.  212,  shows  a  Stanley  transformer  for  125  lights,  or 
6.25  K.W.,  allowing  50  watts  to  a  16-candle  power  incandes- 
cent lamp.  P,  P,  are  tlie  primary  wires  connected  with  the 
primary  mains  of,  say  1050  volts  pressure.  S,  S,  are  the 
secondary  mains  issuing  from  the  secondary  coil,  and  con- 
nected to  the  lamp  circuit,  at  a  pressure  of,  say  105  volts. 
In  order  to  obtain  a  ti-ansformation  from  1050  to  105  volts, 
there  must  be,  approximately,  ten  times  fewer  turns  in  the 
secondary  coil  than  in  tlie  primary.  FF,  is  the  fuse  block 
into  which  the  primary  wires  enter  and  which  opens  by  a  door 
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beneath,  secured  by  a  tliumb-serew.  Although  the  secondary 
turns  are  ten  times  fewer  in  number  than  the  primary  turns, 
yet  the  cross-section  of  the  wire  in  the  secondary  coil  is  much 
greater  than  the  cross-section  of  the  wire  in  the  primary  coil, 
so  as  to  permit  a  more  powerful  current  to  be  supplied  under 
the  lower  pressure  in  the  secondary  circuit.  The  weight  of 
wire  in  the  primary  and  secondary  coils  and,  therefore,  the 


Fig.  212— "  Stanley  Electric  "  125-Ligbt  Alternating-Current  Transformer. 

space  occupied  by  the  wire,  apart  from  the  insulation,  are 
roughly  the  same. 

The  details  of  the  fuse  box  are  shown  in  Fig.  213.  As  will 
be  seen,  the  box  is  divided  into  two  compartments,  one  for 
the  positive  connection,  and  the  other  for  the  negative.  Into 
each  compartment  there  fits  a  porcelain  wedge  W.  On  one 
side  of  this  wedge,  is  a  pair  of  spring  clips  whicli  fit  into  cor- 
responding metallic  recesses,  when  the  wedge  is  pushed  into 
its  receptacle.  On  the  other  side  of  the  wedge  is  a  fuse  wire, 
fitting  in  a  groove  between  two  binding  posts,  each  in  con- 
nection with  one  of   the  spring  clips.     By  this  means  the 
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fuse  wire  is  made  to  bridge  across  the  gaps  between  the  re- 
cesses in  the  fuse  box,  and  so  close  the  cii*cuit. 

More  recent  types  of  these  Stanley  fuse-blocks  are  shown 
in  Figs.  213  A,  and  213  B.  Fig.  213  A,  shows  a  form  simi- 
lar  to  that  of  Fig.  213,  but  with  the  fuse  wire  slipped  through 


Fig.  213— Details  of  "Stanley  Electric"  Transformer  Fuse-Box. 

an  insulating  tube,  instead  of  lying  in  a  groove  in  the  porce- 
lain block.  Fig.  213  B,  shows  a  cylindrical  form  of  fuse- 
holder  in  a  groove  at  the  tip  of  the  cylinder. 

A  25-K.W.  500-light  Stanley  transformer,  of  the  indoor  type, 
is  shown  in  Fig.  214.  Such  a  transformer  is  usually  placed 
in  the  cellar  of  the  house  it  is  intended  to  supply.  Here,  the 
primary  wires  enter  the  transformer  at  the  left-hand,  and  the 
secondary  wires  emerge  on  the  right-hand. 
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Fig.  215,  shows  a  large  high-voltage  Stanley  transformer, 
insulated  with  oil.  The  transformer  itself  is  placed  inside 
the  tank  shown,  which  is  then  filled  with  oil  and  the  lid 
screwed  down.  Oil  is  very  often  used  at  the  present  time 
for  the  insulation  of  transformers.  It  is  very  important  that 
the  insulation  of  the  transformer  coils  shall  be  carefully  main- 


Fig.  214— 9&  K.  W.  ''  Stanley  Electric  **  Altemating^Cnmiil  Trantformer. 

tained,  both  from  the  iron  core  and  from  each  other.  This 
is  especially  the  case  with  high-voltage  transformers.  Any 
accidental  static  discharge,  such  as  a  discharge  due  to  light 
ning,  which  might  destroy  an  ordinary  air-insulated  trans- 
former, might  be  safely  withstood  by  an  oil-insulated  trans- 
former; since,  if  the  oil  insulation  is  pierced,  it  at  once 
mends  itself. 

Transformers  are  divided  into  two  sharply  marked  groups ; 
viz. :  air-cooled^  and  oil-cooled.  Air-cooled  transformers,  when 
in  large  sizes,  are  aided  in  throwing  off  their  heat  by  a  blast 
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Fig.  213  A-Kecent  Type  of  "Stanley"  Fuse-Blocks. 


Fig.  218  B— Recent  Type  of  "Stanley"  Fuse-Blocks. 
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of  air.  Oil-cooled  transformers  in  large  sizes  are  aided  by 
special  attention  to  the  circulation  of  the  oil,  and  by  a  forced 
circulation  of  cold  water  through  pipes  in  the  transformer 
casing. 


Pig.  215— TTigh-Voltage  "Stanley  Elentric**  A.  C.  Transformer. 

The  size  and  weight  of  a  transformer  increase  with  the 
load  that  it  has  to  carry.  The  weight,  however,  does  not  in- 
crease in  the  same  proportion  as  tlie  capacity.  The  necessity 
for  increasing  the  size  of  a  transformer  arises  from  the  fact 
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that  the  wires  must  necessarily  be  increased  in  cross-section, 
in  order  to  safely  carry  more  powerful  currents.  This  in- 
crease in  the  size  of  the  wire  necessitates  increase  in  the  size 
of  the  iron  core  to  make  room  for  them. 

Fig.  216,  shows  a  Westinghouse  Electric  Company's  76- 
K.W.  oil-cooled  transformer.  In  this  machine,  there  are  six 
coils,  all  carefully  insulated  from  the  iron  frame  and  from 


Fig.  216— "Westinghouse"  75  K.  W.  A.  C.  Transformer. 

each  other,  p,  p,  are  the  two  primary  coils,  and  s,  s,  s,  are 
the  four  secondaries.  Instead  of  placing  a  single  primary 
coil  alongside  a  single  secondary,  it  is  often  preferable  to  in- 
tei-spei'se  the  primary  and  secondary  coils  in  this  manner,  in 
order  to  improve  the  regulation  of  the  transformer,  even  at 
the  expense  of  increased  care   in  insulation  ;  since   by  this 
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means  the  magnetic  leakage  is  reduced,  more  of  the  mag- 
netic flux  linked  with  the  primary  coil  being  obliged  to 
pass  through  the    secondary.      The    laminated  iron  core^ 


Fig.  217^Method  of  Building  Large  Tranaformen. 

around  which  the  coils    are    placed,  is  divided  into  twa 
branches,  each  of  which  completes  its  own  magnetic  circuity 
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one  branch  passing  completely  around  the  coils  at  a,  b,  c,  d, 
and  the  other  branch,  at  e,  f,  g,  h. 

Fig.  217,  shows  the  method  of  building  up  the  magnetic 
circuit  of  a  large  transformer.     There  ai*e  eight  flat  coils  of 


Pl«.  21&— Case  for  150-K.  W.  "  Westinghonse"  Transformer. 

insulated  copper  wire,  all  carefully  insulated.  Sheets  of  soft 
steel,  in  the  form  of  open  rectangles,  are  slipped  through 
the  coils,  alternately  from  opposite  sides  \intil  the  entire  core 
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is  built  up.  The  iron  core  of  a  transformer  is  al  ways  laminated, 
because  the  magnetic  flux,  which  passes  through  it,  oscillates 
or  moves  to-and-fro,  with  the  frequency  of  the  alternating 
current,  and  would,  if  solid  cores  were  employed,  set  up 
powerful  and  wasteful  Foucault  currents^  or  eddy  cuirents,  in 
the  mass  of  iron. 

After  one  of  these  transformers  is  built,  and  has  been  care- 
fully tested,  it  is  placed  in  its  cast  iron  case  and  immersed  in 
oil.  Fig.  218,  shows  the  case  for  a  150  K.W.  Westinghouse 
transformer. 


Fig.  219— 10,000- Volt  **  Westinghouse"  Transformer. 

Fig.  219,  shows  an  assemblage  of  four  10,000-volt,  oil-cooled, 
Westinghouse  transformers,  of  sizes  varying  from  10  K.W.  up 
to  100  K.W.  The  largest  of  these  transformers  will,  therefore, 
receive  at  its  primary  terminals  about  ten  amperes  at  10,000 
volts  pressure,  and  will  deliver  at  its  secondary  terminals 
about  100  amperes  at  1,000  volts  pressure,  or  about  1,000 
amperes  at  100  volts  pressure,  according  to  the  nature  of  the 
secondary  winding. 

The  vertical  position  of  the  coils  in  the  case  facilitates  the 
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circulation  of  the  oil.  The  ends  of  the  coils  are  spread  apart» 
80  as  to  offer  a  large  surface  to  be  cooled  by  the  circulating 
oil.  The  corrugation  upon  the  external  and  internal  surfaces 
of  the  cast-iron  casing  greatly  assist  in  conducting  the  heat 
from  the  oil  within,  and  disengaging  it  by  radiation  and  con- 
vection to  the  external  air. 

The  dimensions  and  weights  of  the  principal  standard  sizes 
of  Westinghouse  oil-cooled  transformers  and  cases,  are  given 
in  the  accompanying  table. 

Dimensions  and  Weights  op  Westinghouse  Selp-CJooung  Trans^ 

formers  at  7,200  alternations  per  mintjte,  and 

UP  TO  15,000  Volts. 


¥ 

DIMENSIONS. 

WKIOBT. 

¥ 

h 

Total 

Floor  Space. 

Height. 

Trans- 
former. 

Case. 

OIL 

16 

26"  X  86" 

84" 

856 

Wi 

2i»   {(86«ia.;) 

«• 

25 

22"  X  32" 

34' 

B86 

1»5* 

mi  ^m  ^  ) 

888   t(SI  **<   )) 

vm 

86 

25"  %. »" 

40" 

im 

«75 

nut 

«« 

26"  X  «" 

46" 

966 

475 

no  p6  ^  ) 

vm 

9S 

26"  X  ■»" 

47" 

Il6i6 

«25 

888   {38  -^   ) 

98^ 

966 

32"  X  W" 

68" 

9«86 

TO5 

««   K»   "*   ) 

IBM 

125 

82"  X  «8" 

52" 

1680 

725 

680    (90    "    ) 

WBhr 

150 

34'    X  88" 

56" 

1800 

850 

700  (100    «*   ) 

885(V 

200 

36"  X  48" 

60" 

2200 

1000 

770  (110    **   ) 
840(120    **   ) 
980  (140    **   ) 

8976 

800 

38"  X  48" 

62" 

2500 

1800 

464(^ 

875 

40"  X  52' 

63' 

2800 

1500 

5286 

500 

45"  X  58" 

68" 

3200 

1750 

1120  (160    **   ) 

6076 

The  efficiency  of  transformers ;  i.  e.,  the  ratio  of  tho 
electric  power  delivered  at  secondary  terminals,  to  the  elec- 
tric power  absorbed  at  primary  terminals,  is,  in  the  case  of 
large  transformers,  particularly  important,  since  a  low  eflSci- 
ency  means  a  large  waste  of  energy  as  heat.  This  would  not 
only  be  detrimental  on  account  of  the  cost  of  the  power 
wasted,  but  also  on  account  of  the  increased  diflSculty  of 
keeping  the  machine  cool.  The  following  data  concerning 
the  efficiency  of  fairly  large  Westinghouse  transformers  in- 
dicates how  little  margin  actually  remains  for  improvement 
in  this  direction. 
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Tablb  of  Epficikncibs  of  Westinqhouse  Transformehs  of  £.  M.  F. 

FROM  500  TO  15,000  Volts,  with  Frequency  of  7,200 

Alternations  Per  Minute, 

Dklivkry  at  Fractional  Part  of  Full  Load. 
Capacity  150  K.  W. 


FitteUoiialLoad, 

Efficiency, 

0.1 

0.90 

0.2 

0.945 

0.3 

0.957 

0.4 

0.966 

as 
0.97 

FractkHial  Load, 

Efficiency, 

0.6 

0.976 

a? 
0.976 

Capacity 

0.8 

0.977 

375  K.  W. 

OJ 

0.978 

1.0 

0.98 

FracUooftlTinMl, 

Efficiency, 

ai 
0.98 

0.2 

0.965 

0.3 

0.97 

0.4 

0.976 

0.5 

0.98 

FractioiuaLow], 

Efficiency, 

0.982 

0.9B4 

«J8 

0.986 

a9 
0.986 

to 
0.986 

ng.  220—25  K.  W.  "  Westinghouse  "^  Transfonher. 

Thus,  at  half  load,  a  150  K.  W.  transformer  has  an  efficiency 

of  0.97,  or  97  per  cent,  and,  therefore,  wastes  or  loses  3  per 

cent  of  the  power  it  absorbs  from  the  primary  circuit. 

u— Vol.  6 
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Fig.  82Q»  Aow8  an  air-<;ooled,  25-K. W.  Westinghouse  tnu»- 
fonner  for  indoor  installation.  The  transformer  is  supported 
in  an  iron  frame  provided  with  gratings  to  allow  the  reef 
admission  and  circulation  of  air. 

Fig.  221,  shows  the  same  transformer  with  end  casings  re- 
moved. There  are  seen  to  be  six  coils,  four  primaries  and 
two  secondaries.  The  secondaries  are  of  strip  copper,  woond 
on  edge,  in  ihe  form  of  a  flat  spiraL    The  coils  of  snch  a 


Fig.  221—25  K.  W.  ^'  WMtinghoose  '*  Transformer.    End  Casing  Removed. 

transformer,  before  assembling  on  the  laminated  core,  are 
shown  in  Fig.  222.  These  coils  are  wound  in  suitable  forms 
of  many  layers  with  very  few  turns  in  each  layer.  They  are 
thoroughly  insulated  with  mica,  fibre,  and  tape. 

Small  air-cooled  transformers,  suitable  for  suspension  out- 
of-doors,  are  contained  in  cast-iron  cases.  A  form  of  7.5  K.  W. 
Westinghouse  transformer,  of  the  air-cooled  type,  is  shown  in 
Fig.  228. 

Tnmsformers  are  usually  tested  in  the  factory  at  double 
pressure,  and  at  over-load,  for  insulation,  regulation  and  heat- 
ing. 
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The  standard  sizes  of  Westinghouse  incandescent-lighting 
transformers  have  two  secondaiy  coUS|  each  generating  either 


Fig.  222—''  Westinghouse  *'  TraMfomtr.    Coils  Assembled. 


Fig.  223—"  Westinghouse"  7  J-K.  W.  Transformer. 

50  volts  or  100  volts,  according  to  the  type.    These  may  be 
connected  in  series  for  100  or  200  volts  respectively.    The 
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primary  coils  may  be  connected  in  series  or  in  parallel  for 
2,000  or  1,000  volt  primary  pressure. 

Fig.  224,  shows  a  Westinghouse  Electric  Company's  760, 


ng.  224—"  Westinghouse  ♦•  750-K.  W.  Transformer.    Water  Cooling 

Type. 


K.  W.  transformer  for  reducing  pressure  from  2,200  to  110 
volts.  This  transformer  is  cooled  by  the  circulation  of  water 
supplied  through  the  pipes  shown. 
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Fig.  226,  is  an  external  view  of  a  875-K.  W.  Westinghouse 
transformer  for  15,000  volts  pressure.  This  transformer  is 
of  the  self-cooling  type.    That  is  to  say,  it  is  immersed  in 


Fig.  225— Case  for  375-K.  W.  15000- Volt  "  Westinghouse  "  Transformer. 

oil  and  dissipates  the  heat  generated  by  radiation  and  con- 
vection from  the  surface  of  the  case.     The  interior  of  this 
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transformer  is  shown  in  Fig.  226.  This  apparatus  trans- 
forms diphase  currents  to  triphase  currents,  or  vice-vei-sa. 
The  high-tension,  or  triphase  terminal  board  is  shown  At  bb 
and  the  low-teusion  or  diphase  terminal  board  at  BB. 


Fig.  226— Interior  of  375-K.  W.  **  Westinghoiise''  Transformer. 

A  pair  of  such  transformei-s  is  installed  for  each  transfor- 
mation from  two-phase  to  three-phase  distribution,  or  vice- 
versa. 

A  Westinghouse  transformer,  for  arc-lighting,  is  shown  in 


Digitized  by 


Google 


DfaamO'Electric  Machinery.  337 

Fig.  227.  These  traiisforraei-s  are  made  in  three  standard 
sizes,  for  one,  two,  or  three  16-ampere  arc  lamps  respectively. 
The  pressure  at  the  primary  terminals,  is  either  1,000  or  2,000 
volts,  according  to  connection,  and  is  interchangeable  as  above 
described.  The  secondary  pressure  is  from  30  to  37  volts, 
according  to  requirements. 

The  transformer  fuse-box  employed  by  the  Westinghouse 
Electric  Company  is  illustrated  in  Fig.  228.  Four  insulated 
wires  are  seen  to  enter  the  box  from  beneath.  Two  •f  these 
are  from  the  primary  mains,  and  the  other  two  lead  to  tlie 
primary  coil  of  the  transformer.     These  wires  terminate  inme- 


Pig.  227—**  Westinghouse     Transformer  for  Aro-Ltgbting. 

tallic  receptacles  r,  r,  r,  r,  secured  in  a  porcelain  plate.  These 
pail's  of  receptacles  are  bridged  over  by  fuse  wires  contained  in 
porcelain  tubes  shown  above  the  box.  The  wires  are  connected 
between  metallic  spring  tubes  p,  p,  which  fit  into  the  recep- 
tacles r,  r.  Should  a  short  circuit  or  sudden  overload  occur 
in  tho  transformer,  the  arc,  formed  on  the  blowing  of  the  fuse, 
is  almost  immediately  extinguished  by  tlie  violent  rush  of  air 
through  the  outlet  tube  o,  consequent  upon  its  expansion  by 
the  heat  of  the  arc.  The  arc  is  thus  ingeniously  made  to 
blow  itself  out. 

The  spring  S,  keeps  the  porcelain  tubes  firmly  in  place 
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when  the  box  is  closed.     The  box  is  rendered  weather-proof 
by  the  thumb^screw8  T,  T. 

Fig.  229,  shows  the  type-F  transformer,  of  the  General 
Electrie  Company.  The  internal  arrangement  of  the  coils 
and  core  of  this  transformer  is  shown  in  Fig.  230. 

Tlie  primary  coil  P,  is  on  the  inside,  the  secondary  coil  S, 
is  on  the  outside,  and  they  are  necessarily  thoroughly  in- 


Fig.  2-28— "Westinghouse"  A.  C.  Transformer  Fuse-Box,  Opened,  Tabes 

Kemoved. 


sulated  from  each  other.  A  laminated  ii*on  core  passes 
through  both  and  completes  a  magnetic  circuit  on  each  side. 
The  secondary  coils  are  halved,  or  divided  into  two  sets,  for 
coupling  in  series  or  in  parallel.  The  rated  efficiencies  of 
these  transformers,  at  a  frequency  of  125  cycles  per  second, 
in  different  sizes  and  at  different  proportions  of  full  load,  are 
given  in  the  accompanying  table. 
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Thus,  the  largest  transformer  tabulated ;  namely,  the  30- 
K.W.  transfonner,  is  stated  to  have  a  full-load  efficiency  of 
^^-h  ^5  or,  to  have  a  loss  of  2^,  representing  690  watts ; 
while  the  smallest  transformer,  of  360-watts  capacity,  has  an 


Fig.  22»— •*  General  Electric"  Type  F  Tnmftforaner. 

Percentaqe  of  ItaioncNCT.    QsRBRAii  Ei^cTRic  OaKPANT*s  Type  F 
TiujiSPoiaDBR,  125  Cycles. 


Capa- 
city in 
Watts. 


850 
600 
1000 
1500 
2500 
3500 
4500 


iLoad. 

iLoad. 

^Load. 

>Piin 
Load. 

78.21 

87.24 

90.44 

9S.^K) 

84.10 

90.95 

98.^ 

98.^ 

88.20 

98.00 

94.JD0 

94.80 

90.00 

94.00 

94.95 

95.^ 

90.25 

94.32 

95;45 

95.74 

93.00 

95.70 

95.80 

96.60 

93.50 

96.80 

96.85 

96.96 

GaiM- 
o!^  Jn 
Watta. 


7060 
12000 
18000 
130000 
800A) 


iLoad. 


#8.00 
#4.76 
94.^ 
95.00 
95.60 


iLoad. 

iLoad. 

95.76 

96.88 

96.30 

96.90 

96.80 

97.30 

96.90 

97.50 

97.00 

97.60 

96.60 

97.40 

Full 
Load. 


96.77 
97.20 
97.50 
97.70 
97.70 
97.70 


efficiency,  at  quarter-load,  of  78.2%.  The  regulation  of  these 
transformers  is  given  in  the  accompanying  table,  from  which 
it  will  be  seen  that  the  percentage  of  drop,  at  secondary  ter- 
minals, between  no  load  and  full  load,  amounts  roughly  to 
2\%  on  the  average ;  so  that  if  a  transformer  gives,  say  100 
volts  at  its  secondary  terminals  under  no  load,  it  gives  about 
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97  J  volts  at  full  load,  the  primary  pressure  being  maintained 
constant. 


Regulation  of  General  Electric  Company's  125-Cycle  Trans- 
formers. 


VARIATION 

IN  YOLTB. 

VARIATION  IN  VOLTS. 

WATT 

WATT 
GAPACXTT. 

CAPACITY. 

52  Volts. 

104  Volts. 

58  Volte. 

104  Volte. 

350 

1.20  volt 

2.40  volts 

6000 

1.40  volt 

2.80  volts 

600 

1.20     " 

2.40      " 

7500 

1.40    " 

2.80     ** 

1000 

1.30     *' 

2.«0     " 

12000 

2.40     ** 

1500 

1.40     ** 

2.80     " 

15000 

2.00     ** 

2500 

1.40     " 

2.80      " 

20000 

2.00     ** 

3500 

1.25     ** 

2.50     ** 

30000 

2.00     ** 

4500 

1.40     " 

2.80     " 

J 


Fig.  230— lutenial  Arrangement  of  Coils  and  Core  in  Type  P  "  General 
Electric"  Transformer. 

The  regulation  in  the  larger  sizes  is  seen  to  be  better 
than  in  smaller  sizes. 

Fig.  231,  shows  a  1,000  watt  or  20-light  ti-ansfoitner,  of  the 
General  Electric  Company's  *'  F  "  type,  and  Fig.  232,  shows 
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a  30,000-vvatt  transformer,  of  the  same  type.  All  these  type 
"  F  "  transformers  are  made  so  that  they  can  be  kept  immereed 
in  insulating  oil.  In  sizes  up  to  7,500  watts,  they  are  usually 
placed  outside  the  building  to  be  lighted  and  fixed  upon  the 


Fig.  2.31—**  General  Electric"  1-K.  W.  Type  F,  A.  C.  Transformer. 

wall  or  pole.  In  sizes  above  7,500  watts,  they  are  usually 
placed  in-dooi-s.  The  dimensions  and  weights  of  these  trans- 
formers is  shown  in  the  accompanying  table  and  Fig.  233. 

Dimensions  op  General  Electric  Company's  Type  **F" 
Transformers. 


F 
F 
F 
F 
F 
F 


Watts. 

Weight 

A 

B 

9 

C 

D 

21 

E 

121 

F 

a 

13i 

LIglits. 

600 

66 

lOi 

12 

1000 

85 

lOi 

9i 

8U 

n 

144 

^ 

16 

20 

1500 

117 

14f 

13f 

6 

3 

13 

0 

15 

30 

2500 

144 

14i 

13| 

7i 

3 

m 

8i 

16i 

50 

4500 

215 

15 

13f 

m 

3i 

m 

9i 

19i 

90 

7500 

815 

15 

131 

16i 

3i 

m 

9i 

25i 

,5. 

OIL 

2qts 
24" 

^  " 

6    ** 

7i** 
9    '• 
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The  primary  fuse  box  generally  employed  with  the  type 
"  F,"  General  Electric  Company's  transformera,  is  shown  in 
Fig.  234. 

The  type  "  F  "  transformei-s  of  the  General  Electric  Company 
have  been  in  a  great  measure  supei*seded  by  a  more  recent 


Fig  282—"  General  Electric  "  30,000  Watts  Type  F,  A.  C.  Transformer. 

type  H,  which  embodies  the  latest  improvement's  in  regula- 
tion and  efficiency. 

Fig.  235,  shows  the  construction  of  the  General  Electric 
Company's  type  "  H,"  1,000-watt  transformer.  In  this  trans- 
former there  are  two  vertical  cores  of  rectangular  cross-section 
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as  shown  at  C.  These  are  wound  first  with  the  secondary 
coil  SS^  and  then  with  the  primary  coil  pp.  The  two  wound 
cores  are  then  set  up  side  by  side,  and  connected  together 


WOUND 


FOR 


I04O  VOLTS  ON  PRtMARY  ClRCUtTS 
52o"i04      II        II  SECONDARY  n 

Fig.  283— Dimensions  of  "  General  Electric"  Type  F  Transformers, 


Fig.  234 — ** General  Xiicctni;     jriiumry  jp u3t;-uuA  ui  j.ypo  r  Transformer. 

magnetically  by  a  number  of  soft  steel  strips  interleaved  with 
the  sheets  forming  the  core.     By  this  means  a  closed  magnetic 
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circuit  IB  formed.  The  two  primary  coils  are  connected  in 
series  and  their  terminals  brought  out  at  P,  P.  The  secondary 
coils  are  connected  in  parallel,  or  in  series,  according  to  the 
pressure  required.  These  transformers  are  usually  wound 
for  a  frequency  of  60  cycles,  a  primary  pressure  of  2,000  volts, 
and  a  secondary  pressure  of  either  115  or  230  volts. 


Fig.  235— **  General  Ekciric''  Type  H  Tnuisformer. 

Fig.  236,  shows  a  1,000-watt,  tj-pe  " H,"  transformer  and  its 
case.     These  transformers  are  kept  submerged  in  oil. 

Fig.  237,  shows  a  General  Electric  Company's  15-K.W.,  60- 
cycle,  type  '*H,"  transformer  and  its  case.  Here,  the  two  verti- 
cal cores,  with  their  primary  and  secondary  windings,  are 
clearly  visible.  Cylinders  of  slit  sheet  copper,  called  "  ground- 
shields,'*  like  that  sliown  at  Y.are  placed  between  the  primaiy 
and  secondary  windings,  and  the  wires  w,  attached  to  them, 
are  brought  out  at  W,  and  grounded,  so  that  there  can  l)e  no 
accidental  contact  between  high-pressure  and   low-pressure 
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circuits  in  the  ti-ansformer.  This  transformer  is  wound  for 
2080  volts  in  the  primary  circuit,  and  for  either  104  or  208 
volts  in  the  secondary  circuit. 

The  type  ''  H "  transformer  has  been  so  designed  as  to 
possess  a  high  efficiency  at  low  frequency  and  light  load. 

Fig.  238,  shows  the  General  Electric  Company's  standard 
water-type  transformer  of  the  "H  "  pattern  of  10-K. W.  capacity 


Fig.  237— "General  Electric"  15-K.  W.  Type  "H,"  A.  C.  Transformer. 

wound  for  2,000  volt-s  in  the  primary  circuit,  and  either  115 
or  230  volts  in  the  secondary  circuit,  at  60  cycles.  All  the 
leads  are  lead  covered,  and  pass  through  the  case  into  the 
transformer  through  brass  stuffing  boxes.  The  transformer 
is  designed  for  use  in  manholes  or  subways,  and  may  be 
operated  under  wp.ter,  provided  that  the  small  iron  pipe  P, 
which  ventilates  the  case,  be  carried  high  enough  to  pass 
above  the  water-line.         v_voi   5 
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A  50-K.W.  General  Electric  Company's  type  "  H  "  trans- 
former, of  the  air-cooled  pattern,  is  shown  in  Fig.  239.  Here, 
there  are  two  upright  cores  of  iron  as  before,  linked  together 
magnetically  by  laminated  yokes  above  and  below,  which  are 
clamped  securely  by  covers  and  rods.  The  secondary  wind- 
ing is  next  to  the  core,  and  the  primary  winding  on  the  out- 
side.    The  two-foot  rule,  in  front  of  the  apparatus,  shows  that 


Fig.  240 — Case  of  "General  Electric"  Air-Cooled  Transformer. 

its  total  height  is  about  four  feet.  A  cylindrical  shell  of 
micanite  separates  the  primary  and  secondary  coils,  and  pro- 
jects about  two  inches  above  and  below  them.  These  trans- 
former coils  are  tested  for  insulation  from  the  core  and  from 
each  other,  with  a  pressure  of  30.000  volts.  The  primary 
is  wound  for  10,000  volts,  and  the  secondary  for  125. 
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Fig.  238— "General  Electric"  Standard  Water-Type  Transformer. 


Pig.  239— 50-K.  W.  **  General  Electric"  Type  H,  High  Tension  Alr-Cooled 

Transformer. 
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Fig.  242--Intenial  Construction  of  '* General  Electric"  750-K.  W.  A.  C. 

Transformer. 
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Fig.  240,  shows  the  external  case  provided  for  this  trans- 
former, with  its  ventilator  and  apertures  for  the  leads. 

Fig.  241,  shows  the  General  Electric  Company's  750-K.W. 
(1,000  H.  P.)  ti-ansformer,  constructed  for  the  Carbide  Manu- 
facturing Company  at  Niagara  Falls,  and  which  reduces  the 
pressure  from  2,200  volts  to  110  volts.     This  transformer  is 


Fig.  241— ** General  Electric''  750-K.  W.  Transformer. 

cooled  by  the  use  of  oil,  which,  after  circulating  through  it,  is 
then  carried  through  a  cooling  tank,  inside  of  which  are  coils 
of  piping  carrying  cold  water.  The  circulation  is  effected 
by  an  electrically  operated  pump. 

P'ig.  242,  shows  the  internal  construction  of  this  trans- 
former. 

An  air-cooled  transformer  of  the  General  Electric  Com- 
pany's 100-K.W.  sub-station  type,  is  shown  in  Fig.  243.  Here 
the  laminated  iron  core  CC,  is  shown  with  the  laminations 
passing  trans vei-sely,  and  the  coils  L,  L,  wound  longitudinally* 
T,  T,  are  the  secondary  terminals.  Such  a  transformer  is  suit- 
able for  a  sub-station  and  for  local  distribution  at  reduced  pres- 
sure, supplied  by  a  main  station  at  a  considerable  distance. 
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Fig.  244,  shows  three  General  Electric  Company's  air-cooled 
265  K.W.  transformers,  situated  in  the  Street  Railway  Power 
House  at  Buffalo,  N.Y.,  and  designed  to  reduce  the  25-cycle  tri- 
phase  current  received  from  Niagara  Falls,  at  either  11,000  volts 
or  22,000  volts,  to  366  volts,  for  delivery  to  a  rotary-transformer 


Fig.  243— **Gk»neral  Electric''  Sub-Station  Air-Blast  Transformer. 

and  transformation  to  continuous  current,  suitable  for  oper- 
ating the  Buffalo  Street  Railway.  The  high-pressure  current 
comes  in  at  the  left-hand  side,  and  after  passing  through  the 
fuses,  enters  the  transformer  primaries. 

The  type  "  H  "  transformer  has  been  designed  to  have  as 
good  a  regulation  and  as  small  an  iron-core  loss  as  possible. 

Since  the  sole  purpose  of  a  transformer  is  the  transforma- 
tion of  electric  power  from  a  high  pressure  to  a  low  pressure, 
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or  the  revei*se,  the  commercial  value  of  such  apparatus,  apart 
from  the  question  of  its  first  cost  and  length  of  life  or  perma- 
nence, is  found  in  the  degree  of  perfection  with  which  it  effects 
such  tmnsformation.  A  perfect  transformer  would  be  one 
which  could  effect  this  transformation  of  power  without  any 
loss  in  the  process.  This,  however,  is  clearly  not  realizable  in 
practice,  since  an  electric  current  in  passing  through  any  coil 
must  inevitably  los6  some  of  its  energy  as  heat.  In  addition  to 
this,  however,  when  an  electric  conductor  is  subjected  to 


Fig.  244— Three  "  General  Electric"  Air-Cooled  265-K.  W.  Transformers. 

variations  in  the  quantity  of  magnetism  which  passes  through 
it,  electric  eddy  currents  are  set  up  in  it,  which  cannot  be 
utilized,  and  which,  therefore,  uselessly  waste  some  power. 
This  eddy-current  loss  occui-s  both  in  the  iron  core  plates  and 
in  the  copper  coils.  It  is  to  reduce  these  eddy-current  losses 
to  a  commercial  minimum  that  the  iron  core  is  laminated. 
The  laminations  are  made  in  the  direction  in  which  the 
magnetism  or  magnetic  flux  passes  through  the  core. 
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The  accompanying  table  gives  the  weights  and  efficiencies 
of  different  sizes  of  the  type  "  H  "  ti-aiisfornier. 

General  Electric  Type  H  60-€ycle  Transformers.— Data  Table. 


Watts, 
Capacity. 

A2o 

Iron 
re  Loss 
Cycles. 

Regulation 

60  Cycles 

Per  Cent.  Drop, 

fulatlon 
Cycles 
ent.  Drop. 

§11 

^30 

Iciency 
11  Load 
Cycles.  ^ 

1 
Net 
eight. 
>unds. 

1 

Ss 

6S 

1«^ 

93.6 

S£§ 

?fi 

600 

23 

18 

2.8 

2.9 

94.1 

80 

1000 

80 

23 

2.59 

2.7 

94.6 

95.2 

100 

1900 

36 

27 

2.45 

2.62 

95.3 

95.9 

135 

2000 

45 

34 

2.3 

2.5 

95.7 

96.2 

170 

2500 

48 

37 

2.1 

2.45 

96.1 

96.6 

206 

8€eo 

00 

46 

2.1 

2.45 

96.3 

96.6 

225 

4000 

68 

52 

2. 

2.35 

96.5 

96.8 

280 

6000 

76 

58 

2. 

2.44 

96.5 

96.9 

330 

6080 

03 

71 

1.8 

2. 

96.6 

96.9 

445 

7500 

116 

88 

1.7 

1.9 

96.7 

97.1 

566 

10000 

155 

117 

1.44 

1.61 

97.1 

97.5 

696 

15000 

192 

145 

1.35 

1.40 

97.5 

97.7 

1026 

20000 

254 

192 

1.32 

1.35 

97.6 

97.9 

1250 

25000 

310 

238 

1.3 

1.3 

97.7 

98. 

1525 

30000 

360 

272 

1.3 

1.8 

97.8 

98.1 

1826 

After  a  r 

nn  of  eig 

ht  hours 

,  at  full  \i 

[»ad,  the 

rise  in  temperature  of  the 

oil 

will  not 

exceed  4f 

>  degrees 

Centigra 

de. 

The  most  serious  loss  of  power  found  in  a  transformer, 
however,  arises  from  tlie  continual  reversal  of  magnetism 
which  goes  on  in  the  iron  core.  Since  even  a  comparatively 
low  frequency  of  60  cycles  per  second  represents  120  rever- 
sals of  magnetism  taking  place  in  the  iron  core  of  a  ti-ans- 
former  during  each  second  of  time :  or  7,200  revei*sals  of  mag- 
netism per  minute ;  or,  10,368,000  per  day,  it  is  evident  that 
in  the  course  of  a  year,  a  very  great  number  of  magnetic  re- 
versals in  the  iron  core  will  liave  taken  place,  and  in  most 
alternating-current  systems  the  transformer  are  in  operation 
for  the  entire  24  houi-s  in  the  day.  A  very  small  but  appre- 
ciable amount  of  energ}*  is  expended  in  every  cubic  inch  of 
iron  each  time  its  magnetism  is  reversed.  The  amount  ex- 
pended depends  both  upon  the  quality  of  tlie  iron,  and  upon 
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the  intensity  of  the  magnetization.  The  softest  irons  are, 
genei-ally  speaking,  those  which  require  the  expenditure  of 
the  least  energy  to  revei-se  their  magnetism,  and  the  hardest 
irons  and  steels  those,  which  require  the  expenditure  of  greatr 
est  energy.  But  it  is  not  always  true  that  tlie  softest  iron 
mechanically  is  the  softest  magnetically,  and  in  order  to 
reduce  this  magnetic  loss  of  energy,  great  care  is  necessary 
in  the  selection  of  the  quality  of  iron  employed  for  trans- 
former cores.  Great  improvements  have  been  made  in  recent 
yeai*s  in  tlie  magnetic  quality  of  iron  emplo)^ed  for  trans- 
formei*s.  The  magnetic  loss  of  energy  increases  with  the 
magnetization  in  more  than  direct  proportion ;  doubling  the 
intensity  or  the  maximum  amount  of  magnetism  per  square 
inch  of  cross-section  at  each  revei-sal,  being  attended  by 
approximately  a  trebled  increase  of  magnetic  energy  expended 
at  each  reversal. 

Where  transformei's  have  to  be  excited  from  the  primary 
mains  24  houi-s  a  day,  they  may  be  only  actively  employed 
in  lighting  for  about  three  hours  per  day  on  theavemge,  and 
the  amount  of  energy  expended  during  a  year  for  tlie  excita- 
tion of  the  tmnsformersin  magnetic  loss,  or  loss  by  hysteresis, 
as  it  is  called,  may  amount  to  a  comparatively  large  fraction 
of  the  total  amount  of  energy  usefully  delivered  and  sold  to 
the  consumer.  The  efficiency  of  a  transformer,  at  a  gi  ven  load, 
is  the  ratio  of  the  power  usefully  delivered  to  the  consumer 
to  the  power  taken  by  the  transformer  from  its  primary  mains. 
But  by  the  all-day  efficiency  of  a  transformer  is  meant  the 
i-atio  of  the  amount  of  energy  usefully  delivered  to  tlie  con- 
sumer, and  which  the  consumer  pays  for,  to  the  amount  of 
energy  tJiken  by  the  transformer  during  the  entire  diiy  from 
the  primary  circuit,  and  which  energy  the  central  station  hiis 
to  pay  for  in  the  coal  consumed,  attendance,  interest,  and 
depreciation.  It  is  quite  [)ossil)le  that  a  transformer  may 
have  a  high  efficiency  at  full  load  and,  therefore,  expend 
comparatively  little  power  at  full  load,  and  yet,  by  reason  oi 
a  comparatively  low  efficiency  at  small  load,  or  a  large  ex- 
penditure of  power  in  hysteresis,  may  have  a  small  all-daj' 
efficiency  and,  therefore,  be  an  expensive  transformer  from 
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the  point  of  view  of  the  centml-station  manager.  Of  recent 
yeare,  attention  has  been  partieularl}'  directed  to  improve- 
ment in  the  all-day  efficiency  of  ti'ansformei'S,  and  this  lias 
been  accomplished  by  reducing  the  loss  by  hysteresis,  through 
a  better  selection  of  iron  and  a  more  careful  design  in  regard 
to  magnetization. 

It  has  also  been  found  that  the  loss  of  power  in  the  iron 
core  due  to  hysteresis,  tends  to  increase  for  a  time  after  the 
transformer  is  fii-st  put  into  operation.  This  is  alluded  to  as 
the  ageing  of  the  transformer,  and  is  considered  to  be  due  to 
the  continued  magnetic  revei-sals  of  magnetism  under  the  in- 


Fig.  245—"  Wood  "  Transformers  for  tt,  100  and  500  Lights. 

fluence  of  the  increased  temperature  of  the  iron  core  under 
load.  Owing  to  this  ageing  of  the  core,  the  core  loss  in  some 
transformei-s  has  doubled  the  original  value  when  the  tmns- 
former  was  originally  installed.  For  this  reason,  tmnsformer 
iron  is  selected  not  only  with  regard  to  its  low  hysteretic 
loss,  but  also  with  regard  to  its  freedom  from  increase  in 
that  loss  under  continued  service. 

Fig.  245,  shows  three  of  the  Fort  Wayne  Electric  Corpora- 
tion's '*  Wood  "  ti-ansformei-s  for  6,  100,  and  500  lights   re- 
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spectively.  The  internal  construction  of  these  transformei's 
is  shown  in  Fig.  246.  Here,  a  pair  of  coils  C,  C,  made  up 
as  one  mass,  has  a  core  R  R,  built  up  of  laminated  sheets, 
and  forming  a  closed  magnetic  circuit  in  two  bmnches.  The 
primary  wires  are  brought  out  at  p,  p^  and  the  secondary 
wires  at  «,  «. 

A  37.5-K. W.,  or  750-light  sub-station, "  Wood  "  transformer, 
is  shown  in  Fig.  247.  These  transformers  are  wound  for 
frequencies  of  from  60  to  140  cycles  per  second.     Their  pri- 


Flg.  246 — Interior  of  **  Wood  ''  Transformers. 

maries  are  usually  wound  for  1,000  or  2,000  volts  and  their 
secondaries  for  100  or  200  volts. 

The  data  rehiting  to  tliese  transformers  is  given  in  the  ac- 
companying table.  It  will  be  seen  that  the  37.5-K.W.  tmns- 
former  is  stated  to  have  a  full-load  efficiency  of  98.33%,  a 
drop  of  pressure  of  2.2%,  a  magnetizing  current  of  0.382  am- 
pere, a  loss  of  power  on  open  circuit  of  244  watts,  and  a  total 
weight  complete  of  1,860  pounds. 

A  Wood  arc-light  transformer  of  450  watts  capacity  is 
represented  in  Fig.  248.  This  is  wound  for  any  desired  fre- 
quency with  a  primary  of  1,000  volts  pressure. 

Fig.  249,  shows  the  Royal  Electric  Company's  type  of 
transformer,  which  is  constructed  in  standard  sizes  from   500 
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watts  to  26-K.W.  capacity,  either  for  2,000  or  1,000  volts  pri- 
mary  pressure,  and  50  or  100  volts  secondary  pressure.  Near 
the  bottom  of  the  case,  are  two  hemispherical  covera  forming 
a  single  casting  clamped  tightly  against  the  case  by  the 
thumb-screw.  These  protect  a  pair  of  primary  fuse-blocks 
provided  with  insulating  handles  which  extend  from  the 
front  of  the  casing  to  the  back. 


Fig.  248 — '*  Wood"  Arc-Light  Transformer. 

Fig.  250,  shows  the  construction  of  the  Diamond  Electric 
Company's  transformer.  Here  there  are  two  primary  and 
two  secondary  coils,  one  on  each  side  of  a  rectangular  lami- 
nated iron  core  frame.  The  interior  coils  are  the  secondary 
coils,  and  the  exterior  coils  are  the  primary.  The  standard 
sizes  of  these  transformers  are  given  in  the  accompanying 

^^^®-  w— Vol.  5 
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Fig.  251,  shows  a  Lakon  Company's  1,500  watt  tmnsformer. 
The  Wagner  Electric  Manufacturing  Company's  10-light 


Fig.  251— ** Lakon  Company''  1500  WatU  Transfonner. 


Table  of  Weiohtb  of  Diamond  CoMFAirr'B  Tbanbfobmbrs. 


1«  C.  p.  LAMPS. 

WATTS. 

WEIGHTS. 

10 

500 

49  lbs. 

15 

750 

74   •' 

20 

1,000 

87   - 

25 

1.250 

93   " 

80 

1,500 

98   *' 

40 

2.000 

115    ** 

50 

2,500 

135    •• 

75 

3,750 

150    " 

100 

5.000 

205    " 

150 

7,500 

300   " 

200 

10.000 

375   •* 

300 

15,000 

425   " 

400 

20,000 

000  - 

500 

25,000 

800   " 

or  600-watt  transformer,  without  its  case,  is  shown  in  Fig. 
252.  Here,  the  laminated  iron  core,  clamped  together 
between  end-plates  by  nuts  and  bolts,  forms  a  magnetic  cir- 
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Pig.  24^— "Royal  Electric''  Ty^  S  Transfonner. 


Fig.  250— "Diamond  Electric"  Transformer. 
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Fig.  252—"  Wagner  **  10  Light  Transformer  Without  Box. 


Fig.  253— "Wagner"  Transformer, 

KiO  Volts. 


"Wagner"  Transformer, 
50  Volts. 
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cuit  around  the  coils  in  two  branches.  Fig.  253,  shows  a  30- 
light,  or  1,500-watt,  transformer  mounted  for  out-door  work 
upon  a  pair  of  wooden  beams.  Two  primary  wires  enter  the 
fuse  box  on  the  face  of  the  transformer,  while  four  secondary 
wires  emerge  from  beneath.  These  wires  may  be  connected 
up  either  in  series  to  deliver  100  volts,  or  in  parallel  to  deliver 
50  volts,  as  shown. 


Fig.  «<rx. 
"  Wagner  "  Ti-ansformer  Without  Case.         **  Wagner  ••  Transformor  With 

Case. 


A  100-light  or  5,000-watt  Wagner  transformer  and  its  case, 
are  shown  in  Fig.  254.  Here,  the  iron  core  is  assembled  in 
a  somewhat  different  manner,  so  as  to  provide  a  greater  snr- 
face  for  ventilation. 
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Fig.  255,  shows  a  150-light  or  7,500-watt  oil-cooled  tmns- 
former,  in  its  case  and  mounted  for  out-door  service.  This 
is  the  largest  standard  size  used  for  out-door  work.  A  500- 
light  air-cooled  transformer  for  in-door  installation  is  shown 
in  Fig.  256.  Here,  the  primary  wires  enter  the  case  on  the 
left-hand  side,  and  the  secondary  wires  emerge  on  the  right- 
hand  side. 


Fig.  257—**  Wagner  "  100-K.  W.  Water-Jacketed  Transforra«. 

Fig.  257,  shows  a  Wagner  oil-cooled  step-up  transformer 
for  2,000  lights,  or  100  K.W.  capacity.  A  Wagner  "  economy 
coil,"  or  choking  coil,  employed  to  reduce  the  secondary  50 
or  100-volt  pressure  to  that  required  for  the  operation  of  one 
or  more  arc  lamps,  is  shown  in  Fig.  258. 

The  accompanying  table  shows  the  weights,  sizes  and  regu- 
lation of  the  standard  type  "  C,"  Wagner  transformers. 
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Pig.  255— "Wagner''  150-Light  Type  D  Transformer. 


Fig.  256— **  Wagner"  500-Ligbt  Transformer. 
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Sizes,  Ttpzs  C,  Wagner  Company's  Standard  Transformers. 


Nomber. 

W^ 

^'S^?' 

Regulation. 

Approziiiuito 
Weiirht. 

1 

5 

250 

2i  p.  c. 

40  lbs. 

2 

10 

500 

2i  p.c. 

55  lbs. 

4 

20 

1,000 

2i  p.  c. 

80  lbs. 

6 

80 

1,500 

2i  p.c. 

105  lbs. 

8 

40 

2,000 

2i  p.c. 

180  lbs. 

12 

60 

8,000 

2i  p.c. 

170  IbB. 

16 

80 

4,000 

2i  p.c. 

280  IbB. 

20 

100 

5,000 

2     p.  c. 

280  lbs. 

25 

126 

6.250 

1.8  p.  o. 

840  lbs. 

80 

150 

7,500 

1.8  p.  0. 

390  lbs. 

60 

250 

12,500 

1.6  p.  c. 

600  lbs. 

100 

500 

25,000 

1.5  p.  c. 

900  lbs. 

Flg.25&—**  Wagner"  Standard  Arc-Light  Transformer. 

A  similar  line  of  Wagner  transformers  ai*e  constructed,  called 
type  "B,* 'which  are  lower  in  price,  lighter  in  weight,  and  have  a 
somewhat  lower  efficiency.  These  transformer  are  described 
in  the  following  table. 
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A  third  type  of  Wagner  ti-ansformers,  called  type  "  D,"  arb 
constructed  for  a  closer  regulation  and  higher  efficiency  than 
type  "  C."  These  are  given  in  the  following  table.  They  are 
heavier  and  somewhat  higher  in  price.  Fig.  259  shows  a 
"  Wagner  "  type  "  D  "  ornamental  arc-light  transformer. 

Fig.  260,  shows  a  "  Packard  "  transformer,  and  Fig.  261, 
the  **  Boston  "  transformer.  Both  are  arranged  for  either  50 
volts^OT  100  volts  secondary  pressure. 


List  of  Wagner  Transformers  Type  "  B." 


Sise. 

Capacity,  Liirhts. 

Capacity,  Watts. 

Approximate 
Weight, 

I 

5 

250 

80 

II 

10 

500 

45 

IV 

20 

1,000 

60 

VI 

80 

1,500 

80 

VIII 

40 

2,000 

110 

XII 

60 

8,000 

140 

TVl 

80 

4,000 

180 

XX 

100 

5,000 

230 

XXX 

150 

7.500 

840 

XL 

300 

10.000 

420 

Fig.  250 — *•  Wagner"  Ornamental  Arc-LIj?ht  Transformer. 
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Fig.  260— *' Packard"  Transformer. 


Fig.  261.—"  Boston  Transformer. 
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Number. 

""fS^^' 

°»vRJ^^- 

RefiTulation. 

Approximate 
Shipping  Weight. 

2 

10 

500 

2i     P.O. 

87  lbs. 

4 

20 

1,000 

2.4    P.O. 

107  lbs. 

6 

80 

1,500 

2.85  p.  0. 

181  lbs. 

8 

40 

2,000 

2       p.  c. 

147  Ibfl. 

12 

60 

8,000 

2       p.  0. 

175  lbs, 

16 

80 

4,000 

2       P.O. 

275  Ibfl. 

20 

100 

5,000 

2       P.O. 

845  lbs. 

25 

125 

6,250 

2       p.  0. 

416  lbs. 

89 

150 

7.500 

2       p.  0. 

660  Ibfl. 

40 

200 

10,000 

2       p.  0. 

725  lbs. 

60 

300 

15,000 

1.85  P.O. 

800  lbs. 

80 

400 

20,000 

1.85  P.O. 

1,000  Ibfl. 

leo 

500 

25,000 

1.75  p.  0. 

1,250  lbs. 

120 

600 

30,000 

1.75  p.  o. 

1,400  lbs. 

200 

1,000 

50,000 

1.      p.  0.. 

2,000  lbs. 
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CHAPTER  X. 

CONTnrcrOUS-CURRENT  MOTORS. 

Practically,  any  continuous-current  dynamo,  when  suit- 
ably traversed  by  an  electric  current,  will  operate  as  a  motor 
and  transform  electric  power  into  mechanical  power,  or  revei-se 
its  function  as  a  dynamo.  Consequently,  any  of  the  genera- 
toi*s,  which  have  been  considered  in  the  chaptei's  on  continuous- 
current  dynamos,  may  be  regarded  as  continuous-current 
motors.  There  are,  however,  certain  differences  between  the 
connections  and  accessories  of  a  machine  when  employed  as 
a  generator,  and  employed  as  a  motor.  Thus,  when  a  ma- 
chine is  used  as  a  generator,  it  is  first  driven  up  to  speed  and 
allowed  to  excite  itself  to  the  right  pressure,  and  is  then  con- 
nected to  its  circuit.  In  a  motor,  the  machine  has  to  be  con- 
nected to  the  circuit  before  it  will  start,  and  it  must  not  be 
so  connected  without  first  ensuring  that  the  current  strength 
which  will  pass  through  it  when  the  connection  is  made,  shall 
not  be  excessive.  This  usually  necessitates  the  introduction 
of  some  auxiliary  device,  and  in  some  cases  some  slight  dif- 
ference in  the  construction  of  the  switchboard,  or  headboard, 
attached  to  the  machine. 

A  standard  bipolar  motor,  of  the  Western  Electric  Com- 
pany, is  shown  in  Fig.  262.  T,  T,  are  the  main  terminals  of 
the  machine,  connected  directly  to  the  brushes  through 
the  wires  W,  W.  t,  is  the  field  terminal.  A  diagram  of  the  con- 
nections of  these  and  other  motoi^  of  the  same  type  is  shown 
in  Fig.  263.  Here  T  and  T',  are  the  armature  terminals,  or 
tlie  main  terminals  of  the  machine,  connected  directly  to  the 
brushes,  f,  is  connected  to  one  terminal  of  the  shunt  field, 
tliat  is  the  exciting  coil  or  coils  on  the  field  magnet  or  field 
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magnets,  which  coil  is  connected  across  the  mains,  or  in  shunt 
to  the  armature.  Motors  employing  a  shunt  field  are  called 
Bhunt  motors.  Nearly  all  large  motors  operated  from  incan- 
descent lighting,  or  power  circuits,  are  shunt  motors.  Such 
motors  have  a  comparatively  uniform  speed  of  rotation  under 
varying  loads.  The  other  terminal  of  the  shunt  field  is  con- 
nected to  T,  so  that  when  in  operation,  f  ,  is  connected  to  T,  and 
both  are  connected  to  one  main,  say  the  negative,  while  T,  is 
connected  to  the  other  or  positive  main. 

When  starting  a  shunt  motor,  it  is  always  necessary  to  close 


Flgi  96d— Diagram  of  ConnectionB  of  a  Shnnt-Wonnd  Motor. 

the  field  circuit  before  closing  the  armature  circuit.  That  is 
to  say,  the  field  magnets  must  be  magnetized  before  any  cur- 
rent is  allowed  to  flow  through  the  armature.  This  ia  done 
by  connecting  the  wires  T  and  f,  with  the  +  and  —  mains 
respectively.  If,  under  these  circumstances,  the  remaining 
connection  between  T^,  and  the  negative  main  were  made 
directly,  a  very  powerful  current  would  tend  to  rush  through 
the  armature,  which  has  a  comparatively  low  resistance. 
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This  current  might  not  only  be  so  powerful  as  vo  endanger 
the  machine,  but  the  mechanical  impulse  it  would  com* 
municate  would  be  so  violent  that  the  starting  effort 
might  damage  the  armature.  It  is  necessary,  therefore,  ta 
insert  a  suitable  resistance  into  the  armature  circuit  of  the 
motor,  so  as  to  restrict  the  flow  of  current  at  the  outset. 
After  the  motor  has  started,  this  starting  resistance  in  the 
armature  circuit  is  reduced,  and  when  full  speed  has  been 
attained,  the  resistance  is  withdrawn  entirely ;  for,  while  run- 
ing,  the  motor  produces  a  back  pressure  or  voltage,  which 
checks  the  current  and  restricts  its  amount  to  that  required 
to  operate  the  mechanical  load  on  the  machine.  This  back 
pressure  is  commonly  called  counter  electromotive  force.  In 
the  figure,  the  resistance  r,  in  the  shunt-field  circuit  controls,, 
within  certain  limits,  the  field  exciting  current,  and  the  speed 
of  the  motor. 

The  connections  of  an  ordinary  shunt  motor  with  a  pair  of 
electric  mains  is  shown  in  Fig.  264.  It  will  be  seen  that  the 
mains  MM,  M'M',  are  connected  to  the  motor  by  a  pair  of 
branches  b,  b',  taken  from  the  branch  cut-out,  through  a  pair 
of  safety  fuses  f,  f,  which  are  designed  to  melt  and  interrupt 
the  motor  circuit  should  the  current  through  the  motor  be- 
come excessive.  A  double-pole  switch  is  then  inserted  so  as 
to  connect  or  disconnect  both  sides  of  the  circuit  with  th& 
motor.  The  terminal  B,  is  the  field  terminal,  while  terminal* 
A  and  C,  are  the  armature  terminals*  As  soon  as  the  double- 
pole  switch  S,  is  closed,  the  current  flows  through  the  field 
coils  by  the  terminals  A  and  B,  tlie  circuit  connections  beings 
indicated  by  the  dotted  lines  on  the  board.  The  starting^ 
box  handle  is  then  slowly  turned  to  the  left.  This  connects- 
the  terminals  B  and  C,  through  the  resistances  of  the  rheostat 
R,  thus  causing  the  armature  to  start.  As  the  motor  accel- 
crates,  the  handle  of  the  starting  box  is  gi-adually  turned 
until  finally  the  i*esistance  in  the  box  is  entirely  cut  out,  and 
the  motor  runs  with  the  armature  directly  connected  acroe» 
the  mains. 

A  form  of  resistance  box  or  rheostat  employed  by  the- 
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Crocker-Wlieeler  Electric  Company,  in  connection  with  theii 
motoi's,  is  shown  in  Fig.  265.     These  rheostats   may  be  em« 


Fig.  264 — Connections  of  an  Ordinary  Shunt  Motor. 

ployed  in  the  armature  circuit  as  starting  boxes,  or,  in  the 
shnntrfield  circuit  as  regulators,  according  to  design.     They 
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have  a  cast  iron  frame,  with  a  top  and  bottom  of  slate.  The 
resistance  coils  in  the  three  lai-gest  sizes  shown  are  made  of 
iron  wire,  and  are  introduced  into  the  circuit  by  the  switch- 
handle  which  moves  over  the  contact  points  on  the  slate 
cover.  In  the  smallest  size  shown,  the  resistance  coils  are 
made  of  German  silver  wire  wound  upon  steel  tubes,  and  en- 


K  H.  H.  X  H.  P. 


1  H.  P.  6  H.  P. 

Fig.  265— Crocker-Wheeler  Starting  Rheostats. 

veloped  in  enamel.  No  starting  box  is  ordinarily  required 
for  motors  of  i  H.-P.  or  less,  the  i  H.-P.  and  i  H.-P.  boxes 
shown  in  the  figure  being  employed  as  field  regnljitoi-s  only. 
Larger  motors  require  starting  boxes  of  a  size  depending  on 
the  power  of  the  motor. 
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Fig.  265  A,  shows  two  sizes  of  Crocker-Wheeler  cut-off 
Imz,  suitable  for  15  and  75  amperes  respectively.    These  boxes 


llg.  265  A—"  Crocker-Wheeler"  Single-Pole  ••  No  Current  Automatic 

Cutoffs. 


Pig.  265  B—**  Crocker-Wheeler"  150  Ampere  Cut-Oflf  Starter. 

I  supported  upon  a  wall  neai*  the  motor  and  contain  start- 
ing resistances.     In  these  cut-off  boxes  the  contact  arm  is 
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moTed  bj  hand  orer  the  eeries  of  cootactB  oa  the  coTer. 
secondary  arm,  movable  about  a  pirot  p,  closes  a  main 
tact  at  c.  It  ia  supported  when  the  niotor  is  in  (^ration,  by 
the  excitiUJoo  of  the  electro-magnet  m.  Shoold  the  coirent 
fail  at  the  mains,  this  magnet  will  automatically  release  its 
armatare,  thna  breaking  the  secondary  contact  c,  and  allow- 
ing the  aim  to  falL 

A  laiger  cut-off  starting  box,  suitable  for  150  amperes  is 


\ 


Jig.  266— "Western  Electric  "  Multipolar  Motor. 

shown  in  Fig.  265  B.  Here  the  handle  b,  closes  the  rheostat 
contacU  in  succession,  while  the  electro-magnet  m,  attract- 
ing the  armature  H,  closes  the  circuit  c  g\  through  the  ex- 
extremity  X,  of  the  secondary  arm.  Should  the  pressure  fail 
at  the  mains,  the  circuit  of  the  motor  will  be  automatically 
broken  by  the  falling  of  the  secondary  arm.  All  of  these 
starters  can  be  arranged  to  break  the  main  circuit  at  overload 
as  well  as  at  total  failure  of  current. 
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Fig.  266,  shows  a  standard  type  of  Western  Electric  Com- 
pany's multipolar  motor.  These  machines  have  four  poles 
and  four  sets  of  brushes.  The  resistance  of  the  field  coils  in 
this,  as  in  all  shunt  motora,  is  so  proportioned  that  the  correct 
amount  of  current  shall  pass  through  the  coils  for  their  ex- 
citation when  the  correct  pressure  is  maintained  at  the  ma- 
chine terminals  ;  i.  e.,  when  the  terminals  are  connected  to 
the  mains  of  the  supply  system. 

The  accompanying  table  gives  data  of  the  Western  Electric 
Company's  multipolar  motors.  The  Western  Electric  bi- 
polars  are  of  the  same  as  that  already  described  as  generators 
on  page  100  in  connection  with  Fig.  62. 


PlR.  267—"  C.  &  C."  Electric  Motor. 

Two  types  of  "  C  and  C,"  Electric  Motor  Company's  bipolar 
motors,  intended  for  incandescent  lighting  circuits,  are  shown 
in  Figs.  267  and  268.  The  sizes  of  these  motors  are  given 
in  the  accompanying  table. 

The  general  type  of  "  C  and  C "  quadripolar  iron-clad 
motors,  is  shown  in  Figs.  2G9  and  270.  The  dimensions  of 
these  machines  is  shown  In  Fig.  271. 
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TABLE  OF  WESTERN  ELECTRIC  COMPANY'S  SLOW  SPEED  MULTIPOLAR 
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**C.  &  C."  Electric  Motor  Company.    Standard  Motors. 


No. 


H.  P. 
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24 


Fig.  268— "C.  &  or  Electric  Motor. 

A  "  C  and  C  '*  motor,  connected  to  a  hoist,  is  shown  in  Fig. 
272.  The  armature  shaft  is  connected  with  the  hoist  shaft 
by  intermediate  gearing.  The  sizes  and  weights  of  these 
are  shown  in  the  accompanying  table. 
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The    C  &  C  Electric  Co. 

DIMENSIONS     OF    IRON    CLAD    MOTORS 


''^»»^   ■*» 


3  Kg 


Fig.  27i— Uimeniiions  of  **C.  &  0"  Iron-Clad  Motors. 
Data  op  Electric  Hoists  Driven  by  "C.  &  C."  Motors. 
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Tig.  209— **C.  &  C/'  Quadripolar  Iron-Clad  Motor.— doted. 


Fig.  27a-*'C.  A  Cy  Quadripolar  Inm-Olad  Motor. 
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Fig.  273—*'  C.  &  C."  Boat  Motor. 


Fig.  274— "C.  &  CV  Motor  Starting-Box. 
Y— Vol.  5 
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Fig.  273,  shows  a  foi-m  of  "  C  and  C  "  motor,  suitable  for 
driving  small  boats  in  conjunction  with  a  stomge  battery. 
Here,  a  field  magnet  coil  M,  produces  a  bipolar  field  N,  S,  in 
which  the  armature  is  placed. 

The  ^^  C  and  C  "  motor  starting-box,  i&  shown  in  Fig.  274. 


Fig.  274  A— E.  G.  Bernard  Company's  Motor. 

The  diagram  of  its  connection  has  ali*eady  been  shown  in 
Fig.  264. 

It  contains  a  double-pole  switch  S,  and  a  starting  rheo- 
stat R.  The  contact  lever  of  this  rheostat  is  pressed  back 
towards  the  off-contact  position,  by  the  spiral  spring  shown. 
When  the  motor  is  started,  the  switch  S,  is  first  closed,  thereby 
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magnetizing  the  field,  and  the  contact  lever  R,  is  moved 
slowly  to  the, left,  against  the  tension  of  a  spiral  spring. 
This  allows  the  current  to  flow  in  the  proper  strength  through 
the  armature,  and  start  the  same.  When  the  motor  has 
reached  full  speed,  the  contact  lever  R,  is  pushed  as  far  to  the 
.•ight  as  it  can  be  moved.  It  then  becomes  locked  in  position 
by  a  magnetically  controlled  detent.  Should  the  current 
through  the  motor  become  excessive ;  i.  e.,  should  the  motor 


Pig.  275.— Crocker-Wheeler  Motor, 

be  in  danger  of  overheating  by  excessive  current,  the  mag- 
netic device  releases  the  contact  lever  and  allows  it  to  return 
to  its  off-contact  position,  under  the  influence  of  the  spiml 
spring.  The  same  result  will  occur  should  the  current  through 
the  motor  cease  altogether,  as  would  follow  an  interruption 
of  the  electric  supply.  In  either  event,  therefore,  the  arm- 
ature of  the  motor  is  automatically  cut  out  of  circuit. 

Fig.  274  A,  shows  a  compound-wound  multipolar  motor  of 
the  E.  G.  Bernard  Company. 
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The  Crocker-Wheeler  Electric  Company's  motor,  as  con- 
structed in  sizes  from  Jth  to  2  H.  P.  inclusive,  is  shown  in 
Fig.  276.  This  is  a  bipolar  motor  of  the  upright  type.  The 
frame  or  base  is  of  cast  iron,  and  soft  iron  or  cast  steel  cores 
are  let  into  the  receptacles  in  the  base  and  clamped  firmly  in 
position  by  screw  clamps.  The  poles  and  the  magnet  cores 
are  made  in  one  piece.    In  sizes  from  3  to  10  U.  P.  inclusive. 


Fig.  276— Parts  of  Crocker-Wheeler  Standard  Motors. 

the  field-magnets  are  single  horse-shoe  castings  of  soft  cast- 
steel,  let  into  the  cast-iron  base.  The  parts  of  tliis  motor, 
disassembled,  are  shown  in  Fig.  276.  The  aimatures  are  iron 
clad,  and  their  method  of  winding  is  shown  in  Fig.  277. 
The  core  plates  are  ring-shaped  iron  discs,  the  armature 
winding  being  what  is  called  a  Gramme-ring  winding,  with 
the  coils  placed  in  grooves  as  shown. 
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The  dimensions  of  the  Crocker-Wheeler  motora  are  given 
in  Fig.  278,  in  connection  with  the  accompanying  table. 


Fig.  277 — Crocker- Wheeler  Armatiire. 
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10 

850 

9 

7 

36i 

24 

26t 

24* 

13 

Hi 

11 

U 

15 

800 

11 

8 

40 

30« 

301 

a-5A 

14 

1^ 

11 

U 

40 

700 

15 

11   154^    36 

«t 

34i 

22i 

19J 

13 

21 
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SHIPPINO  WsiaHTS  AND  DIMENSIONS  OF  STANDARD  MOTOBS. 


Shipping  Dimensions. 


Net  Weight. 

Shipping  Weight. 

HP. 

Motor. 

Begtk- 
lat^r 

Motor. 

Regu- 
lator. 

tV 

17 

28 

i 

26 

34 

i 

70 

9 

95 

14 

+ 

106 

15 

141 

25 

1 

201 

27i 

245 

45i 

2 

281 

27i 

842 

45i 

3 

364 

71 

485 

115 

5 

590 

71 

678 

115 

7i 

590 

72 

678 

116 

10 

1065 

74 

1400 

118 

15 

1450 

78 

2000 

122 

Motor. 


81  X 

loi  X 

19  X 
22  X 
22f  X 
80i  X 
34  X 
37  X 
37  X 
46i  X 
52  X 


9  xl9i 
9  X  9i 
IH  X  13J 
13ixl5i 
15i  X  17i 
20^x22 
2H  X  23 
24ix27i 
24ix27i 
31  x36J 
39|x42i 


Regulator. 


8ix 
11  X 
18  X 
13  X 
19f  X 
19f  X 
19f  X 
19*  X 
19f  X 


9    xlOi 
11    xl8 
18    X  14 
13    xl4 
14f  X  15f 
14f  X  15i 
14f  xl5f 
14f  xl5f 
14f  xl5f 


The  Crocker-Wheeler  standard  motors  are  multipolar  in 
sizes  above  10  H.  P. 

Fig.  279,  shows  a  Crocker-Wheeler  Electric  Company's 
2-100  octopolar  motor,  suitable  for  direct  connection  to  ma- 
chinery. It  is  called  a  2-100  motor  because  it  yields  2  H.  P., 
when  running  at  100  revolutions  per  minute.  With  the  same 
torque,  therefore,  it  supplies  3  H.  P.  at  150  revolutions  per 
minute,  or  4  H.  P.  at  200  revolutions  per  minute.  It  is 
designed  to  permit  of  wide  variations  of  speed-control  by 
the  usual  methods  of  regulation.  There  are  8  sets  of  brushes, 
mounted  so  as  to  avoid  the  use  of  cross-connecting  cables. 
The  field  frame  is  of  cast-iron  with  steel  poles  cast  into  the 
frame.  The  pole  faces  are  split  clamp  collars  which  are 
rigidly  attached  to  the  cores  by  tightening  screws,  and 
which  hold  the  coils  in  place.  The  field  frame  somewhat 
overhangs  the  machine,  not  only  protecting  the  field  coils,  but 
also  affording  a  convenient  bolting  surface  for  the  various 
attachments.  The  supporting  lugs  L,  are  cast  in  various 
shapes  to  conform  to  the  machines  to  be  driven.  T,  T,  are  the 
armature  terminals,  t,  t,  the  field  terminals. 

A  Crocker-Wheeler  Electric  Company's  size  22  mill  motor, 
is  seen  in  Fig.  280.  This  motor  is  not  intended  for  rail- 
way work,  although  it  is  constructed  on  similar  lines.     It  is 
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Pig.  278— Dimensions  of  Crocker-Wheeler  Motors. 
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Fig.  279.— Crocker- Wheeler  Size  2-100  Motor.    For  Direct  Connection 


Fig.  280— Crocker-WIieeler  Size  22  Mill  Motor. 
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designed  for  driving  machinery  in  mills  where  the  dust  is 
destructive  to  motors  of  the  ordinary  open  type.  LubricatioM 
is  effected  through  the  closed  grease  cups,  g,  g,  g,  g.  A,  A«  is 
the  motor  axle  geared,  in  the  mtio  1 : 8.94,  with  the  shaft  S  S. 
The  weight  of  the  machine  is  1,675  pounds,  and  its  output  is 
22  H.  P.  on  intermittent  work.  The  lid  L,  gives  access  to 
the  brushes. 


Fig.  281— Crocker-Wheeler  Controllers. 

Two  sizes  of  Crocker-Wheeler  Electric  Company's  Con- 
troller for  stopping,  starting,  reveraing  and  controlling  the 
speed  of  stationary  series-wound  motors  are  shown  in  Fig.  281. 
They  are  shown  both  with  their  covers  in  place  and  removed. 
These  controllers  are  provided  with  a  number  of  segmental 
contact  rings  for  establishing  the  necessary  armature  and 
field  contacts  in  the  proper  order. 
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Fig.  282,  shows  a  Crocker-Wheeler  1  H.  P.  motor  con- 
nected to  a  Worthington  "  house-service  "  pump,  by  a  belt. 
The  large  outboard  idler  pulley  I,  presses  upon  the  belt  and 
keeps  it  in  contact  with  more  than  half  the  periphery  of  the 
small  motor  pulley.  By  this  means  a  very  considerable  speed 
reduction  is  effected  between  the  motor  pulley  and  the  pump 
pulley  P,  which  drives  the  plunger  p.  i,  is  the  pump-intake, 
and  o,  the  outlet. 


Fig.  282— Crocker- Wheeler  Size  1  Motor,  Belted  to  Worthington  ''  House- 
Seryice"  Pump. 

A  |th  H.  P.  Crocker- Wheeler  motor  is  shown  in  Fig.  283. 
This  motor  has  no  separate  starting  box,  but  is  operated  by  a 
switch  S,  supported  on  one  of  the  pole  pieces.  T,  T,  are  the 
main  terminals.  The  connections  of  the  switch  are  shown  in 
Fig.  284.    Here,  the  armature  A,  is  connected  between  term- 
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inal  T,  and  spring  1.  A  starting  resistance  s,  which  is  wound 
on  the  field  coils,  is  placed  between  spring  1  and  spring  2. 
The  field  coils  are  connected  between  T,  and  spring  3,  while 
spring  4,  is  connected  to  terminal  T'.  A  semicircular  metallic 
plate,  attached  to  the  handle  of  the  switch  S,  makes  contact 
with  these  springs  in  succession.  On  closing  the  switch,  it 
fii^t  closes  the  field  circuit  through  3  and  4,  then  closes  the 
armature  circuit  through  the  resistance  s,  and,  finally,  closes 
the  armature  circuit  through  4  and  1,  short-circuiting  the 
starting  resistance  s. 


Fig. 


A  similar  switch  is  placed  on  type  ''  T,"  of  the  Crocker- 
Wheeler  fan  motoi-s,  which  are  intended  to  operate  at  either 
of  two  speeds ;  namely,  half  speed  and  full  speed.  The  con- 
nections of  this  switch  are  shown  in  Fig.  285.  The  armature 
a,  is  connected  between  spring  1,  and  the  terminal  T.  One 
field  coil  b,  is  connected  between  springs  1  and  3,  while  the 
other  field  coil  c,  is  connected  between  springs  2  and  4.     When 

.^  the  motor  is  run  at  half  speed,  these  field  coils  are  in  series, 
and  oppose  a  greater  resistance  to  the  current.     When  run- 

:  ning  at  full  speed,  the  field  coils  are  in  parallel  and  offer  a 
reduced  resistance.  A  and  B,  are  two  metal  plates,  which 
are  insulated  from  each  other,  and  serve  to  make  the  neces- 
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8wrj  connections.  It  will  be  observed  that  the  motor  illua- 
trated  in  Fig.  284  is  a  shunt  motor,  that  is  to  say,  the  arma* 
ture  is  in  shunt,  or  in  parallel,  with  the  field-magnets ;  while 
the  motor  illustrated  in  Fig.  285,  is  a  series  motor,  that  is  to 


Fig.  284— Oonnectioiis  of  Switch  on  1-d  H.  P.  Crocker- Wheeler  Motor. 


Fig.  285— Connections  of  Double-Speed  Crocker.  Wheeler  Switch. 

say,  the  armature  is  in  series  with  the  field-magnets.  The 
latter  plan  greatly  reduces  the  cost  of  construction  of  very 
gmall  motors,  since  it  enables  comparatively  coai-se  wire  to 
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Pig.  286— Crocker-Wheeler  Motor  and  Otis  Pump. 
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be  wound  on  the  field  coils,  and  a  shunt  winding  would 
require  to  be  made  of  very  fine,  and,  therefore,  comparatively 
expensive  wire.  This  is  particularly  the  case  with  600-volt 
motoi-s ;  in  fact  it  is  almost  impossible,  in  practice,  to  make  a 
500  volt  %  H.  P.  motor  with  a  shunt  winding. 

Fig.  286,  shows  a  Crocker-Wheeler  motor  attached  by  a 
belt  to  an  Otis  house  pump,  and  arranged  for  filling  a  tank 
at  the  top  of  the  house.  Here,  the  water  level  in  the  tank 
controls  the  automatic  switch  by  the  float  shown.  The  switch 
fii-st  closes  the  shunt-field  circuit  and  then  the  armature  cir- 
cuit. The  sizes  and  capacities  of  these  plants  are  indicated  in 
the  accompanying  table. 

Crocker-Wheeler  Pumping  OuTPrrs.    Otis  Electric  Pump. 


Number  of  Pump. 


per 


per 


Revolutions 

Minute 

Displacement 

Revolution 

Gallons  per  Minute. 
Capacity  per  Hour. 
Quantity,  24  Hours 

Height  m  Feet 

Size  of  Discharge . . 
Size  of  Suction  .... 
H.  P.  of  Motor  .... 


1 

2 

3 

4 

125 

125 

100 

100 

.04 

.053 

.083 

.166 

5 

6.66 

8.33 

16.66 

300 

400 

650 

1,000 

7,200 

9,600 

15,600 

24,000 

60 

80 

100 

125 

\ 

f 

1 

^\ 

f 

1 

U 

H 

i 

i 

\ 

1 

5 

6 

7 

100 

100 

100 

.332 

.50 

.664 

33.32 

50.00 

66.64 

2,000  3,000 

4,000 

48,000  71,000 

96,000 

150 

150 

200 

U 

2 

3 

2 

^ 

3i 

2 

3 

4 

100 

.883 

83.30 

5,000 

120,000 

200 

3| 

4 

5 


Fig.  287,  shows  the  connections  for  standard  Crocker- 
Wheeler  shunt  motors,  with  starting  boxes.  Tlie  switch 
lever  of  the  stiirting  box  is  in  permanent  connection  with  the 
terminal  marked  main.  At  the  position  of  the  switch  indi- 
cated in  the  figuie,  the  motor  is  disconnected  at  both  field 
and  armature.  On  turning  the  switch,  the  field  circuit  is  first 
closed,  and  then  the  armature  circuit,  through  a  resistance 
which  is  gradually  cut  out,  until  the  main  terminal  is  con- 
nected directly  through  the  switch  lever  to  the  armature  as 
well  as  to  the  field. 

The  Lundell  standard  motor  is  shown  in  Fig.  289.     It  is 
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A  four-pole  machine  with  one  pair  of  brushes.     The  dimen- 
sions of  these  motors  is  given  on  page     • 


THIK  TWO  mNOmO  POTTS 

MIST  BC  OOMNCCrEO  TOSETHBI- 

A8  WELL  A»  TO  TH€  MAIN. 


^ 

) 

c 

( 

i 

) 

f 

( 

) 

c_ 

_  J 

Fig.  287— Connections  for  Standard  Crocker-Wheeler  Shunt  Moiors. 

A  Lundell  bipolar  fan  motor  directly  connected  to  an  ex- 
haust fan  is  shown  in  Fig.  290.  The  sizes  and  speeds  of 
)hese  motors  are  given  in  the  accompanying  table. 

Combined  Exhaust  Fans  and  Lundell  Direct-Connected  Motors. 


Size  of  Fan,  Inches. 

Speed. 
Revs,  per  min. 

Motor, 
Horse-power. 

Amperes 
at  116  Volts. 

18 

1000 

i 

l.o 

24 

775 

i 

3. 

30 

650 

1 

5. 

36 

600 

2 

10. 

42 

550 

4 

20. 

48 

500 

5 

26. 

60 

400 

10 

30. 

72 

aio 

15 

50. 

Z— Vol.   5 
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A  cross^ection  of  the  ,\  and  |  H.  P.  Lundell  motors  is 
«hown  in  Fig.  291.  M  M,  is  a  single  series  field-coil  which 
produces  a  north  pole  at  N,  and  a  south  pole  beneath  the 
4irniature  at  S.  The  armature  is  a  small  iron-clad  drum  with 
its  commutator  at  C.  The  carbon  brushes  in  this  case  are 
email  rods,  which  are  pressed  endwise  against  the  commutator 
hj  spiral  springs  represented  in  Fig.  292. 


Fig.  291— Parts  1-12  and  1-0  H.  P.  Lundell  Motors. 

A  Storey  Motor  and  Tool  Conipanj^'s  motor  is  shown  in 
Fig.  293.  The  horizontal  and  vertical  longitudinal  section 
of  this  motor  appear  in  Fig.  294.  m,  m,  are  two  cylindrical 
magnetizing  coils  whicli  produce  north  poles  n,  n,  at  the 
sides  of  the  armature  a,  and  south  poles  s,  s,  above  and  below 
it.  On  the  left  hand  side  is  the  commutator  with  its  brushes. 
Fig.  295,  shows  a  Stoi  ey  motor  used  as  a  buffer.  Th3  dimen- 
sions of  these  motors  are  given  in  the  accompanying  table 
in  connection  with  Fig.  296.  These  macliines  are  also  em- 
ployed as  generators,  both  belt-driven  and  direct-connected. 
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Fig.  289— Lundell  Standard  Motor. 


j<ig.  29i>— Ltindeii  Exhaust  Fan  and  Moto^ 
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Fig.  292— Brashes  of  Lundell  BVm  Motor. 


n?.  203_Tjme  of  Storey  Standan)  Power  Motor  and  Dynamo. 
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Fig.  294— -Horizontal  and  Vertical  Sectional  Views  of  Storey  Motora. 
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Fig.  295 — Storey  Standard  Buffer. 


Pig.  296 — Dimensions  of  the  Storey  Motor. 


Figs.  297  and  298  show  other  types  of  Storey  Motor  and 
Tool  Company's  Motor.  The  dimensions  of  these  niotoi-s  are 
given  in  the  accompanying  tables. 
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Pig.  297— Storey  Motor  Enclosed  Type. 
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:^g.  208— storey  Quadripolar  Motor 
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Storey  Multipolar  Motors.    Shunt  Wound. 


S^KiBS  Wound. 


size. 

.. 

Medinm 
Speed. 

H.  P. 

Slow  Speed. 

Diameter 
Pulley. 

Width 
Belt. 

2 

f 

3000 

i 

1000 

3 

U 

3 

H 

1800 

i 

900 

4 

o 

4 

2 

1700 

1 

a50 

5 

t:i 

5 

3 

1500 

2 

900 

6 

3 

6 

5 

1800 

3 

700 

7 

Si 

7 

7i 

1060 

5 

650 

7 

4 

8 

10 

900 

7i 

600 

8 

4i 

9 

15 

800 

10 

550 

9 

6 

io 

20 

700 

15 

500 

10 

7i 

11 

25 

650 

20 

500 

12 

8 

12 

35 

600 

25 

450 

13 

10 

13 

50 

550 

35 

450 

14 

12 

An  Ahlm-Edwcards  Electric  Company's  3  H.  P.  quatlri- 
^/ular  motor,  fastened  to  a  wall  or  post,  is  illustrated  in  Fig. 
299.  Tiie  armature  winding  of  this  motor  is  represented  in 
Fig.  300,  and  the  principal  dimensions  are  shown  in  theaccom- 
pan3'ing  table. 

Fig.  301,  sliows  aRoyal  Electric  Company'shelt-driving 
bipolar  motor.  Tliese  machines  are  also  employed  as  gener- 
atoi-s.     Their  data  are  given  in  the  accompanying  table. 

Tlie  motors  are  wound  for  110,  220,  and  500  volts.     This 

is  the  usual  practice  in  winding  motoi-s,  since  110  volts  is  the 

^ordinal}'  two-wire  incandescent  lighting  pressure  ;  220  volts, 
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is  the  three-wire  incandescent  lighting  pressure  between  out- 
side mains,  and  it  is  preferable  to  operate  motors  from  the 
outside  mains  of  such  system,  since  thereby  the  motor  load 
cannot  unbalance  the  svstem.     500-volt  windino^s  are  suitable 


Fig.  299—2  H.  P.  Ahlm-Edwards  Motor  1100  R.R.M.  Fastened  to  Wall 

or  Post. 


The  Ahlm-Edwards  Electric  Company. 


Slow-speed  Motors.    110-220-600  Volts. 


Class. 


H.  P 

R.  P.  M... 
Weight  . . 
>,  i  Diam . 
:5  Face.. 
£  (Bore.. 


4^-15. 


1500 

80 

4 

2 

i 


6-13 

7-12 

1 

2 

1300 

1200 

170 

325 

^ 

5 

8 

3 

1 

H 

8-11 


3 

1100 

44') 

6 

3i 

U 


Moderate-speed  Motors.    110-230-500 
Volts. 


Class. 

6-13 

7-12 

8-11 

H.  P 

2 

3 

5 

R.  P.  M 

2000 

1900 

1800 

Weight 

170 

325 

445 

^  (  Diam  . . . 
:S     Face.... 

3+ 

4 

5 

3 

3 

3i 

£  (  Bore. . . . 

1 

H 

U 

Digitized  by 


Google 


Dynamo-Electric  Machinery. 


427 


Armature  Core  and  Disk. 


Armature  Core  with  Commutator  Showing  Method  of  Winding. 


Complete  Armature. 
Fig.  300 — Armature  Winding  of  Ahlm-Edwards  Motor. 

Data  op  Royal  Electric  Company's  Direct-Current  Motors. 


Horse  Power. 

Speed 
R.  P.  M. 

IMameter 

of 

Pulley. 

Width 

of 
Belt. 

Floor  Space 

in 

Inches. 

28x28 

Approximate 

Weight 
,    in  Pounds. 

3 

1500 

7 

2 

650 

5 

1400 

8 

3 

35  X  30 

1000 

10 

1300 

10 

4 

45x35 

2000 

15 

1200 

10 

5 

48x38 

3000 

20 

1200 

11 

7 

50  X  42 

3250 

'^ 

1200 

12 

7 

55  X  42 

3600 

80 

1150 

13 

10 

64x48 

5000 

40 

1000 

14 

11 

66x50 

6800 

50 

900 

16 

13 

72  X  56 

7500 

70 

800 

18 

14 

78x60 

8500 

AA     Vol.    5 
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for  railway  and  power  circuits.  Where  a  small  machine  may 
have  any  one  of  these  three  windings,  it  has  usually  the 
greatest  margin  of  power  above  its  rated  capacity,  in  the  110- 


Flg.  801— Royal  Electric  Belt-Driven  Bipolar  Motor. 

volt  winding,  for  the  reason  that  while,  theoretically,  220-volt, 
or  500-volt  windings  should  afford  just  as  much  carrying  capa- 
city at  a  given  load,  as  a  110-volt  winding,  yet,  in  practice, 
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the  insulation  of  the  wire  in  a  600-volt  winding  occupies  a 
relatively  greater  amount  of  the  winding  space,  and,  conse- 
quently,  the  higher  voltage  winding  has  to  sacrifice  some 
copper,  and,  therefore,  some  canying  capacity.  This  differ- 
ence, however,  practically  disappears  in  larger  machines. 
Fig.  302,  represents  a  Keystone  Electric  Company^s  elevator 


^   tf 


Fig.  804— "Keystone"'  Automatic  Rlieostat. 

motor.  This  is  a  quadripolar,  compound-wound  machine. 
The  two  magnets  on  the  sides  are  capable  of  being  released 
and  swung  around  as  shown,  in  order  to  give  free  access  to 
the  armature  for  inspection  or  removal. 

Fig.  803,  shows  the  rear  view  of  this  motor.     Terminals. 
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A,  D,  E  and  F,  lead  to  the  sections  of  the  series  field-wind- 
ings. Terminals  C  and  H,  lead  to  the  shunt  field-windings, 
while  terminals  B  and  G,  lead  to  the  brushes  and  armature. 
An  automatic  rheostat  shown  in  Fig.  304,  is  employed  with 


Fig.  305^-Rever8lng  Switch  of  "  Keystone'*  Electric  Elevator  Motor. 

this  elevator  motor.  This  automatic  rheostat  has  the  resist- 
ance coil  shown,  placed  normally  in  the  circuit  of  the  arma- 
ture. Two  solenoids,  placed  in  a  shunt  circuit,  act  upon  two 
cores  connected  by  a  yoke,  carrying  a  plunger,  and  operating 
in  a  dash-pot.  The  plunger  is  also  connected  at  its  upper  end 
to  a  steel  strip,  coiled  around  a  wheel  or  pulley  connected 
with  a  pair  of  arms.     When  tlie  solenoids  are  unexcited  the 
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tension  on  the  strip  brings  the  arms,  to  tlie  position  shown, 
in  which  their  extremities,  armed  with  carbon  brushes,  rest 
on  the  terminal  segment  plates.  When  the  solenoids  are 
energized,  they  attract  their  armatures  and  release  the  tension 
on  the  strip,  whereby  a  coil  spring,  not  shown  in  the  figure, 
causes  the  arms  to  rotate  in  a  counter-clockwise  direction,  or 
towards  the  final  contact  plates.  When  the  motor  is  started, 
the  current  in  its  armature  circuit  enters  the  rheostat,  passes 
through  the  strip,  to  the  arms,  and  there  dividing,  enters  the 
resistance  coils,  the  terminal  segment  plates,  finally  leaving 
the  rheostat  by  a  terminal,  connected  with  the  final  contact 
plates.  When  the  solenoids,  are  energized,  the  strip  is  re- 
leased, and  the  arm  commences  to  descend,  sudden  movements 
being  resisted  by  the  dash-pot.  As  the  arms  move  over  the 
contact  plates,  the  resistance  in  the  armature  circuit  is 
reduced. 

Fig.  305,  shows  a  form  of  reversing  switch  of  the  Keystone 
Electric  Company's  elevator  motor. 

The  Card  Electric  Company's  5-H.  P.  multiJ)olar  motor  is 
shown  in  Fig.  306.  This  motor  is  entirely  encased  with  the 
exception  of  the  commutator  brushes,  which  are  left  free  for 
inspection.  The  apparatus  frequently  employed  to  control 
this  motor  is  represented  in  Fig.  307.  On  the  left-hand  side 
the  apparatus  is  at  the  "off  position,"  while  on  the  right-hand 
side  the  apparatus  is  represented  at  the  "on"  or  "  working 
position."  S,  is  a  double-pole  switch,  which  is  thrown  up,  or 
closed  by  hand,  and  kept  in  position  by  detent  under  the  con- 
trol of  the  electromagnet  M.  The  rheostat  r,  is  placed  in  the 
armature  circuit,  and  its  coils  are  placed  in  the  ventilated 
box  R.  On  turning  the  swit-ch  clockwise,  the  motor  is  brought 
to  full  speed,  when  the  lever  is  caught  by  a  magnetic  detent 
m.  Should  the  motor  become  overloaded,  the  magnet  M,  will 
attract  its  armature,  and  drop  its  detent  when  the  current 
through  the  motor  is  25%  in  excess  of  the  full-load  value. 
This  will  release  the  main  switch  S,  which  will  fly  open  under 
the  action  of  a  suitable  spring.  The  magnet  m,  will  also 
release  and  allow  tlie  rheostat  lever  to  return  to  its  "  off  posi- 
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tion."  Again,  if  the  current  should  be  accidentally  turned  off 
the  mains,  so  that  the  motor  has  to  stop,  the  magnet  M,  will 
drop  its  lower  armature,  thereby  releasing  the  switch  S,  and  the 
magnet  m,  will  also  release  the  switch  handle.    Consequently, 


Fig.  306— Card  Electric  5-H.  P.  Multipolar  Motor. 

the  motor  will  be  thrown  out  of  circuit,  and  the  resistance  R, 
will  be  restored  to  its  armature  circuit,  if  the  current  be  ex- 
cessive or  if  it  should  fail. 

The  General  Electric  Company's  moderatenspeed,  quadri- 
polar  motors  are  outlined  in  Fig.  808.  The  dimensions  of 
these  machines  are  given  in  the  accompanying  table.     These 
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machines  correspond  to  the  generators  of  the  same  type  de- 
scribed in  connection  with  Fig.  47. 

The  corresponding  sizes  for  the  General  Electric  Company's 
slowHspeed  motors  are  given  in  the  lower  part  of  the  table  on 
page  439. 


Oflf.  On. 

Fig.  307 — Controlling  Apparatus  of  Card  Electric  Motor. 

A  motor  controlling  panel  of  the  General  Electric  Com- 
pany is  represented  in  Fig.  809.  These  panels  are  employed 
for  motors  up  to  15  H.  P.  in  capacity.  Above  this  size  other 
panels  are  employed.  The  panel  shown  on  the  left-hand  side 
is  for  motora  operated  on  circuits  of  less  than  300  volts  pres- 
sure and  employs  fuse-wire  cut  outs  at  ff .     The  panel  on  the 
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right-hand  side  is  for  pressures  above  300  volts,  and  employs 
magnetic  fuse-holders  at  F,  F.  These  panels  are  32  inches 
high  and  14  inches  wide.    The  supply  mains  are  connected 


Fig.  809— General  Electric  Small  Motor  Controlling  Panels. 

to  the  terminals  p  and  n.  The  armature  terminals  to  a  a, 
and  the  shunt  field  terminal  to  s.  The  connections  are  il- 
lustrated in  Fig.  310.    It  will  be  observed  that  the  double- 
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pole  switch  S,  brings  the  pressure  to  the  rheostat  terminals* 
Ou  turning  the  handle  clockwise,  the  shunt  field  circuit  is 
first  closed.  The  armature  circuit  is  then  closed  through  re- 
sistap^e.     The  resistance  is  then  cut  out  slowly  until,  when  the. 


Fig.  310.— Connections  for  General  Electric  Motor  Starting  Panel. 

motor  is  at  full  speed,  all  extra  resistance  is  cut  but,  and  the 
handle  is  locked  by  a  detent  under  control  of  the  magnet. 
Either  an  excess  or  an  interruption  of  current  will  i^lease  the* 
handle,  which  then  returns  to  the  normal  positioti.  ' 

BB    Vol.  6 
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Fig.  811,  shows  a  General  Electric  Company's  six-pole  100 
H.  P.  continuous-current  motor  driving  a  deep-mine  pump  at 
250  revolutions  per  minute,  with  a  capacity  of  500  gallons 
per  minute  under  550  feet  head. 

Fig.  311  A,  shows  a  front  view,  and  Fig.  811  B,  a  rear  view, 
of  a  type  of  continuous-current  fan  motor  of  the  General 
Electric  Company.    The  extension  tubes  on  the  back  hold 


Pig.  311  A.  Fig.  311.  B. 

Front  and  Rear  View  of  "  General  Electric  "  Contlnuous-Current  Fan 
Motor  for  Incandescent  Lighting  Circuits. 

two  carbon  brushes  resting  on  opposite  sides  of  a  commutator 
within.  These  fans  are  suitable  for  connection  to  an  incan- 
descent lighting  circuit  at,  say,  110  volts  pressure. 

The  parts  of  a  20-H.  P.  Westinghouse  Electric  Company's 
continuous-current  motor,  are  shown  in  Fig.  312.  The  arma- 
ture is  of  the  iion-clad  type.  There  are  four  poles  and  four 
carbon  biiishes.     There  are  four  terminals,  two  for  the  field. 
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Fig.  312— Parts  of  Westinghouse  20-H.  P.  Motor. 


Fig.  313— Armature  Core  of  Westinghouse  15-H.  P.  Motor. 


Fig.  314 — Westinghouse  Starting  and  Automatically  Releasing  Rheostat. 
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and  two  for  the  armature.  Fig.  313,  shows  the  armature 
core  of  a  15  H.  P.  motor.  The  dimensions  of  these  machines 
have  been  given  on  page  83,  in  connection  with  the  Westing- 
house  Company's  generatoi*s. 

Fig.  314,  shows  a  Westinghouse  starting  and  automatically 
releasing  rheostat.  The  small  magnet  shown  holds  the  con- 
tact lever  in  position,  after  the  motor  has  been  brought  up 
to  speed. 

Fig.  31/),  shows  a  Sprague-Pratt  elevator  hoisting  machine. 
A  motor  M,  coupled  directly  to  a  screw  shaft,  drives  this 
shaft  through  a  nut  N,  which  is  attached  to  a  cross-head  carry- 
ing the  movable  sheave  V.  When  the  elevator  car  has  to  be 
lifted,  the  motor  is  driven  so  as  to  pull  the  movable  sheave 
V,  away  from  the  fixed  sheaves  V,  and  thereby  slowly  haul 
upon  the  ropes  R.  The  end  view  of  the  sheave  is  shown  at 
V,  V,  and  the  end  view  of  the  motor  at  B'.  B,  is  a  brake 
mounted  over  a  cylinder  on  the  motor  shaft,  and  held  down 
by  a  spiral  spring  s,  opposed  by  an  electro-magnetic  coil  m. 
If  no  current  passes  through  the  coil  m,  the  brake  is  applied 
by  the  action  of  the  spiral  spring  s,  and  the  passage  of  the 
current  through  the  magnet  m,  removes  the  brake.  G,  is  a 
centrifugal  governor,  so  arranged  that  if  the  speed  of  the 
armature  exceeds  a  certain  limit,  lower  than  the  limit  of  the 
centrifugal  governor  attached  to  the  car,  the  motor  will  be 
brought  toastand-still.  S,  is  a  limit  stop,  so  arranged  that 
the  motor  will  be  stopped  bv  the  roller  r,  of  the  movable 
sheaves,  striking  a  switch,  and  thereby  interrupting  the  motor 
armature-circuit.  This  would  occur  should  the  motor  overrun 
or  carry  the  sheaves  dangerously  near  the  upper  limit,  cor- 
responding to  a  dangerously  high  position  of  the  car  in  its 
shaft.  S',  is  a  similar  limit  stop,  which  is  brought  into 
connection  when  the  movable  sheaves  approach  the  other 
end  of  the  screw  too  closely.  To  raise  the  elevator,  power  is 
applied  by  the  motor.  Wlien  the  elevator  descends,  it  drives 
the  motor  and  causes  it  to  act  as  a  generator.  The  circuit 
at  the  lower  sto[)  S',  is  normally  open,  but  on  being  struck  by 
the  movable  sheaves  the  circuit  is  closed  at  S',  and  short-circuits 
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Fig.  315— Sprague-PIatt  Kloctric  Elevator. 
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the  motor  armaturo  tbrougli  a  suitable  resistance,  thereby- 
exerting  a  powerful  drag  upon  the  motor  armatuie  which 
tends  to  arrest  its  further  progress. 

A  longitudinal  section  of  the  nut  N,  is  sihowiu  in  Fig.  316. 
It  will  be  seen  that  the  screw  thread  presses  lapon  the  wards 
of  the  nut  through  a  number  of  steel  balls  winch  form  an 
endless  chain  around  the  screw  shaft.  By  this  means  tlie 
friction  of  the  screw  is  greatly  reduced.  A  safety  nut  is  also 
provided  for  releasing  the  cross  head  from  longitudinal  move- 
ment in  case  of  accidental  derangemeiit. 


Fig.  816 — Longtitudinal  Section  of  Nut  of  Sprague-Platt  Elevator  Hoist. 

Fig.  317,  shows  a  switchboard  for  the  control  of  a  Sprague- 
Pratt  elevator  car.  R,  is  a  rheostat  contact-plate  provided 
with  two  sets  of  coils  and  contacts,  and  with  a  contact  arm 
moved  by  a  small  mr>tor,  called  a  pilot  motor,  s,  is  a  pair 
of  magnet  coils  acting  upon  a  circuit-closing  device,  and 
called  a  short-stop.  S,  is  a  main  double-pole  switch  wliich  is 
magnetically  held  in  position  when  closed  ;  h,  is  the  handle  of 
a  car  controller  switch  for  operating  the  car  from  the  switch- 
board ;  t,  is  a  throttler  coil,  and  k,  a  brake-releasing  coil ; 
B  and  b,  are  the  main  and  auxiliary  circuit-breakers.  Tlie 
car  of  the  elevator  is  provided  with  a  controller  switch  like 
that  at  h.  V,  is  a  throw-over  switch  for  delivering  the  con- 
trol of  the  car  from  the  handle  h,  to  the  similar  liandle  on  the 
car.  These  handles  have  three  contact^-,  one  for  going  up,  one 
for  coming  down,  and  the  tliird  for  stopping.     The  contacts 
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'effected  at  the  car  controller  switch,  operate  the  pilot  motor 
and  the  shoHrStop  s.  The  pilot  motor  rotates  the  arm  of 
the  rheostat  contact  switch,  and  regulates  the  supply  of  cur- 


Fig.  317 — Sprafjuo-ri.iLi  Klecrric  Screw  Elevator  Switchboard,  Pilot  Motor 
Main  I^esistance  anil  Pilot  Switch. 

rent  through  the  armature  of  tlie  lioisting  motor.  It  also 
effects  contacts  wliicli  close  the  circuits  of  the  coils  and  cir- 
cuit breiikeis  B  and  b.     Thus,  when  the  operator  on  the  car 
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Fig.  818— Diagram  of  Connections  and  General  Arrangements,  Spraanie- 
rratt  Klectric  Elevator. 
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presses  his  up-contact,  this  causes  the  pilot  motor  to  revolve 
and  effect  a  contact  at  the  rheostat  arm  shaft.  This  contact 
causes  the  contact  breaker  B,  to  be  operated  closing  a  circuit 
which  in  its  turn  allows  the  main  circuit  current  to  flow 
through  the  hoisting  motor. 

Various  safety  devices  for  automatically  controlling  the 
speed  and  position  of  the  car  are  employed. 

The  detailed  connections  of  the  switchboard  are  shown  in 
Fig.  318.     Fig.  319,  shows  a  triple-deck  Spiugue-Pratt  ele- 


Fig.  319— A  Triple  Deck  Sprague-Pmtt  Electric  Elevator  Machine. 

vator  machine,  employed  in  the  Commercial  Cable  Building, 
New  York  City. 

Fig.  320,  shows  the  Bullock  Electric  Company's  quadri- 
polar  belt-driven  generator  or  motor,  of  100  K.  W.  capacity.  It 
is  wound  for  125,  250,  or  500  volts  pressure  at  500  revolutions 
per  minute,  and  is  compounded.  The  series  coils  are  placed  on 
the  pole-tips,  and  are  separated  from  the  shunt  coils  by  a  ven- 
tilating space.     There  are  four  sets  of  carbon  brushes.     Each 
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brush  is  clamped  between  a  pair  of  brass  plates,  one  of  which 
is  metallically  connected  to  the  brush-holder  bar  by  a  flexible 
conductor.  The  pole-pieces  are  made  up  of  plates,  about  \ 
inch  thick,  cast  into  the  field  frame.  The  position  of  the 
brushes  is  not  changed  under  any  condition  of  load.     The 


Fig.  320— Bullock  Electric  Qiiadripolar  Belt-Driven  Generator  or  Motor. 

temperature  elevation  claimed  for  these  machines,  as  a  maxi- 
mum alter  five  hours  full  load,  is  39^C  (70^F)  for  any  part 
of  the  machine  except  the  commutator.  The  pulley  is  made 
of  paper. 
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The  following  table   shows  the  sizes  of  these  machines, 
wound  for  slow  speed,  and  i^ted  as  generators. 

Dimensions  op  Bullock   Electric  Company's  Slow-speed  Belt- 
driven  Generators  and  Motors. 


Classification 

Volts. 

Amperes. 

Pulley. 

Type. 

Poles. 

K.W. 

Speed. 

Full  Load. 

Full  Load. 

8-4-2 

Diam. 

in 
Inches. 

Face 

in 

Inches. 

E 

4 

1 

1200 

125-250-500 

6.5 

2.5 

E 

4 

2 

1150 

125-250-^500 

1-^    8-    4 

6.5 

2.5 

E 

4 

3 

1100 

125-250->500 

24-12-6 

7 

3.5 

H 

4 

4.5 

1000 

125-250-500 

36-18-0 

9.5 

4 

H 

4 

7 

»00 

125-250-500 

56-  m-  14 

10.5 

5.5 

H 

4 

9 

800 

125-250-500 

72-  36-  18 

12 

7.5 

H 

4 

12.5 

725 

125-250-500 

too-  50-  25 

13 

8 

H 

4 

17.5 

675 
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Fig.  321,  sliovvs  a  Bullock  Electric  Company's  type  "  E," 
quadripolar  slow-speed  motor,  suitable  for  direct  connection 
to  line  shafting. 

Fig.  322,  sliows  the  armature  core  of  the  Bullock  electric 
motoi-s.  Tlie  grooves  are  vertical,  and  there  Jire  ventilating 
ductus  as  sliown.  The  conductors  are  covered  and  l)eld  in 
place  by  wooden  strips,  which  are  inserted  in  grooves  near 
tlie  surface  of  tlie  teetli,  so  that  the  wires  are  completely  en- 
cased in  wood  and  in  mica. 

The  commutator  bars  are  of  drop-forged  copper. 

Fig.  323,  shows  a  Bullock  Electric  Manufacturing  Com- 
pany's enclosed  type  *^E"  quadripolar  motor,  suitable  for 
direct  connection  to  machines,  tools,  etc.  The  field  and 
armature  are  enclosed,  only  the  commutator  and  carbon 
brushes  being  left  exposed  to  view.  These  machines  are 
wound  for  125,  250  or  500  volts,  and  are  designed  for  slow 
8[)ecds. 
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Fig.  321— The  Bullock  Electric  Type  *'E"  Quadripoltr  MotOCr. 
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A  Bullock  Electric  Company's  slow-speed  (][uadripobur 
motor  mounted  directly  on  a  lathe,  is  shown  in  Fig.  824. 

This  motor  has  five  speeds,  both  forward  and  backward^ 
under  the  control  of  the  handle  c,  which  operates  acontroUer*^ 


Fig.  823— Bullock  Electric  Enclosed  Type  "E"  Quadrlpolar  Motor. 

The  motoi-s  are  bpei-ated  on  either  125  or  250  volt  cir- 
cuits, and  are  compound-wound.  A  22-inch  lathe  runs  at 
five  speeds  between  160  and  290  revolutions   per  minutB.. 

CO    Vol.  6 
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When  the  handle  c,  is  in  its .  central  position,  the  motor  is 
stopped.  When  the  handle  is  raised,  the  motor  runs  in  one 
direction  at  a  speed  determined  by  the  degree  of  elevation 
given  to  the  handle.  When  the  handle  is  lowered,  the  direc- 
tion of  rotation  is  reveraed.  The  position  of  the  controller 
handle  by  the  side  of  the  bed-plate  makes  the  control  of  the 
lathe  very  convenient  for  the  workman. 


Fig.  824— Bullock  Electric  Motor,  Directly  Connected  to  Lathe. 

Fig.  825,  shows  a  "  Bullock  "  Electric  Company's  enclosed 
tjrpe  of  motor,  coupled  directly  to  the  driving  shaft  of  a 
printing  press.  This  machine  has  five  speeds  in  the  forward 
direction  between  100  and  170  revolutions  per  minute,  and 
one  speed  backwards.  A  mechanically  applied  brake  is 
shown,  for  rapidly  bringing  the  machine  to  rest,  when  desired. 
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Fig.  8M. 
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Fig.  826  shows  a  sextuple  printing  press  similarly  operated* 
In  most  of  these  machines,  release  magnets  in  the  control- 
ler-case are  operated  by  push  contacts  placed  at  different 
points  round  the  press,  so  that  the  operator  may  readily  stop 
the  press  £i*om  any  place  in  which  he  may  stand  by  it. 
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CHAPTER  XL 


LOCOMOTORS 


The  electric  motors  which  we  have  hitherto  considered,  are 
•tationary  motora.  Probably,  the  most  extensive  use  of  elec- 
tric motors  at  the  present  day  is  for  street-railway  cars,  or  for 
purposes  where  the  motor  is  moved,  i.  e.,  is  a  locomotor.  Al- 
though, of  course,  the  general  construction  is  the  same  for  loco- 
motors as  for  stationary  motors,  yet  the  conditions  of  operation 
4tfe  necessarily  much  more  severe  in  the  former  than  in  the 
latter,  and  this  has  led  to  such  differences  in  details  of  con- 
«truction,  that  the  locomotors  are  preferably  treated  as  a 
flepamte  class.  The  severe  conditions  to  which  locomotors 
are  often  necessarily  subjected,  have  resulted  in  a  marked 
improvement  in  the  mechanical  development  of  electric 
motors  generally,  since  many  of  the  methods  which  were 
found  successful  in  enabling  the  street  railway  motor  to  defy 
dust  and  moisture  have  been  introduced  into  the  stationary 
motor  with  maiked  success. 

Figs.  827  and  827  A,  show  a  Walker  Company's  25  H.  P. 
Btreet-car  motor.  The  equipment  of  a  standard  electric 
streetKjar  motor  commonly  consists  of  two  25  H.  P.  motors, 
one  connected  with  each  of  the  car  axles.  The  necessity  of 
providing  60  H.  P.  for  the  propulsion  of  such  a  car  is  evident 
when  the  speeds,  loads,  and  grades  are  considered,  with 
which  the  electric  street-car  is  expected  to  cope. 

Tlie  motor  is  constructed  in  two  main  parts,  the  upper 
frame,  and  the  lower  frame.  These  are  hinged  together  at 
one  side,  and  are  held  together  at  the  other  by  the  eye-bolts 
B  B.     The  steel  shell  so  formed  completely  encloses   the 
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Fig.  327— Walker  Company's  "  Short "  Railway  Motor— Walker  <&  Co, 


Pig.  327  A— Walker  Company's  "  Short "  25  H.  P.  Street  Car  Motor. 
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working  parts  of  the  motor,  leaving  only  the  pinion  pro- 
jecting as  shown,  at  the  end  of  the  armature  shaft. 

The  interior  of  the  motor,  when  the  upper  frame  ifi  re- 
ItnoTed,  id  seen  in  Fig.  328. 

Here  the  iron-clad  armature,  of  the  barrel-wound  type,  is 
seen  resting  in  its  bearings  in  the  lower  frame,  and  with  the 
commutator  at  one  end  and  the  projecting  pinion  at  the  other. 


Pig.  32&— Walker  Company's  "Short"  Railway  Motor  with  Upper  Frame 

Removed. 


Fig.  328  A,  shows  the  interior  of  the  upper  fmme.  A  field- 
coil  is  seen  surrounding  a  field  pole.  Like  nearly  all  street- 
car motoi-s,  the  field-fi*ame  has  four  poles.  The  field  cores  are 
made  as  short  as  possible,  to  economize  space  and  material. 
The  ends  of  the  field  wires  are  seen  projecting  through  the 
case,  and  are  shown  at  F  F,  Fig.  827. 

Fig.  329,  shows  the  method  of  supporting  the  armature 
bearings  outside  the  frame  of  the  motor,  in  such  a  manner 
that  all  waste  lubricant  escaping  from  the  bearings,  falls  by 
the  outlet  C,  clear  of  the  motor.  The  flanges  on  the  shaft 
and  in  the  frame  prevent  oil  and  dirt  from  entering  the  in- 
terior  of  the  motor. 
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The  method  of  mounting  the  Walker  Company's  motor  in 
the  car  truck  is  illustrated  in  Fig.  329  A.    It  will  be  seen 


Pig.  328  A— Walker  Company's  '*  Short*'  Street-Car  Motor— Upper  Fram«. 


fA^JA'^^JJJJJJM^JJJJ^MfJ^JA^. 


Fig.  329— Walker  Company's  "Short"  Street-Car  Motor  and  Bearings. 

that  the  motor  M  is  suspended  on  four  spiral  springs,  two  in 
front  of  it,  and  two  behind.    Flexibility  in  the  support  of  a 
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Fig.  329  A— Method  of  Mounting  Walker  Company's  ''Sliort**  MoUmt 


Pig.  330— Walker  Company's  *•  Short "  Motors  Mounted  in  Truck. 
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street-car  motor  is  always  found  to  be  essential,  a  rigid  sus- 
pension bringing  speedy  destruction  through  inertia  and 
vibration,  when  travelling  over  even  a  carefully  levelled 


Ffg.  331— Armature  for  Walker  Company* 8  25  H.  P.  Street-Car  Motor. 


Fig.  882— WaU^er  Company's  ''  Short "  Armature  Coila. 

track.    A  pair  of  motors  mounted  in  a  truck  is  seen  in  Fig, 
330. 

The  unwound  armature  of  a  Walker  Company's  25  H.  P. 
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motor  is  shown  in  Fig.  831.     The  flanges  are  seen  at  the 
ends  which  give  protection  to  the  winding. 

Fig.  332,  shows  the  formed  armature  coils  ready  for  pla- 
cing in  the  grooves,  and  Fig.  333,  shows  a  bar-armature  in 
process  of  winding.  Street-car  armatures  are  almost  always 
wound  for  500-volt  continuous-current-circuits,  but  the  arma- 
ture of  Fig.  333,  is  intended  for  a  reduced  pressure  supplied 
by  storage  batteries. 


Fig.  888— Walker  Oompuiy's  '*  Short  *'  Amuitiire  Winding. 

Carbon  brushes  are  always  used  for  street-car  motors  and 
access  is  generally  provided  to  them  through  a  flap  or 
hinged  cover  in  the  motor  frame  placed  over  the  commutator, 
as  seen  A  A,  in  Fig.  327. 

Like  all  modern  streetK^ar  motors.  The  Walker  Company's 
motors  are  Bingle  reduction  motors;  i.  e.,  the  motor  has 
but  one  set  of  gears  between  its  shaft  and  the  car  axle,  so 
that  the  motor  is  of  comparatively  slow  speed.  The  hori- 
zontal efforts  of  the  standard  Walker  motors  are  shown  in  the 
following  table. 

Thus,  No.  2  pushes  the  car  forward  on  level  rails  with  a 
force  of  700  pounds  weight,  when  employing  33-inch  car- 
wheels,  and  running  at  ten  miles  per  hour. 
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STANDARD  SIZES  OF  WALKER  RAILWAY  MOTORS. 


TRADB  NUMBER. 

HORIZONTAL  EFFORT. 

2 

700 

3 

800 

4A 

1000 

10 

2000 

15 

8000 

20 

5000 

Fig.  333  A,  shows  the  interior  of  the  starting  resistance, 
which  is  thrown  into  the  armature  circuit  at  starting,  so  as  to 
check  the  flow  of  current  until  the  motor  has  got  under  way. 
These  starting  resistances  are  constructed  of  strip  iron, 
wound  in  flat  coils,  insulated  by  strips  of  asbestos. 


Pig.  333  A— Interior  of  Walker  Company's  Street-Car  Motor. 

The  plan  and  interior  of  a  Walker  Company's  controller  is 
shown  in  Fig.  334.  The  main  handle  operates  a  contact 
cylinder ;  i.  e.,  a  cylinder  cariying  projections  or  fingei*s  that 
close  contacts  at  certain  points  in  their  revolution.  These 
contacts  connect  the  motors  in  series  at  starting  and  in 
parallel  when  running  rapidly,  besides  effecting  minor  inter- 
mediate modifications  in  their  speed.  It  has  seven  running 
positions.  The  smaller  handle  is  called  the  revereing  switch. 
It  has  also  seven  running  points  or  positions.  The  first  runs 
both  motors  forwards.  The  second  runs  both  backwards. 
These  are   the  only  points  in  ordinary  use.     Should  one 
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Fig.  835— Walker  Company's  **  Short  "  200  H.  P.  Railway  Motor. 
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Fig.  330— General  Electric  Factory  Truck. 


Digitized  by 


Google 


Digitized  by 


Google 


Dynamo-Electric  Machinery.  481 


Fig.  337— General  Electric  T.M.M.-IO  Electric  Locomotive. 
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Fig.  338— General  Electric  "  Terrapin  Back  "  Electric  Mining  Locomotive. 
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motor,  however,  be  disabled  in  any  way,  there  are  four  points 
by  which  the  remaining  motor  can  be  brought  into  single 
duty,  and  either  forwards  or  backwards.  The  seventh  notch 
is  marked  "emergency,"  and  effects  a  short-circuit  of  the 
motors  through  a  portion  of  the  rheostat,  after  disconnecting 
the  trolley  line.  The  motoi-s,  if  running,  are  in  this  condition 
caused  to  operate  as  dynamos  on  short-circuit,  and  are  thus 
rapidly  retarded  and  brought  to  rest  by  magnetic  breaking 
action. 

In  a  street-railway  controller,  it  is  necessary  to  provide 
some  device  for  diminishing  or  suppressing  the  sparking,  or 
arcing  at  the  contact  fingers,  when  a  disconnection  is  effected. 
In  the  Walker  Company's  controller,  this  is  obtained  by 
winding  a  series  of  hollow  coils  or  solenoids  in  the  insulating 
partitions  between  the  contact  segments,  one  in  each  par- 
tition, and  all  parallel  to  the  controller  axis,  and  passing  the 
current  through  all  these  coils  in  series  just  before  breaking 
the  circuit.  This  has  the  effect  of  magnetizing  all  the  sole- 
noids, and  of  causing  the  breaks  in  the  circuit  to  take  place 
in  front  of  the  centres  of  the  magnetized  solenoids.  The 
arcs  which  tend  to  form  are  thus  acted  upon  by  the  magnetic 
fields,  and  are  deflected  laterally  away  from  the  contacts  or 
are  blown  out  magnetically. 

Fig.  335,  shows  a  Walker  Company's  No.  25  or  200  H.  P. 
railway  motor. 

A  form  of  General  Electric  Company's  factory-truck  driven 
by  a  small  electric  motor,  is  shown  in  Fig.  336.  This  is  pro- 
vided with  the  vertical  trolley  pole  T,  a  brake  handle  B,  and 
a  controller  handle  C.  This  truck  is  convenient  for  trans- 
porting loads  in  mills  and  factories. 

One  of  the  General  Electric  Company's  types  of  mining 
locomotive  is  shown  in  Fig.  337.  This  is  fitted  with  but  one 
motor,  and  is  controlled  from  a  switch  in  the  front  platform 
by  the  side  of  the  lamp.  It  takes  its  current  from  the  trolley 
arm  shown.  The  sizes  of  these  mining  motors  is  given  in  the 
accompanying  table. 
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Pig.  339,  shows  an  electric  locomotive  of  this  type  draw- 
ing a  train  of  loaded  cars.  Here  the  trolley  wire  is  suspended 
overhead  at  a  low  elevation. 


Fig.  33d— Oeneral  Electric  T.  MM.-25-Electric  Locomotive  with  Loaded 

Trip. 
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Fig.  340--General  Electric  .30-Ton  Electric  Locomotive. 
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Fig.  341,  shows  a  Genei*al  Electric  Company's  larL»:u  loco- 
motive of  1,500  H.  P.,  hauling  a  passenger  train  with  its 
engine  through  the  Baltimore  tunnel,  on  the  Baltimore  and 
Ohio  Railroad.  This  use  of  the  electric  locomotive  is  for 
the  purpose  of  avoiding  the  accumulation  of  smoke  in  the 
tunnel,  which  is  of  considerable  length.  In  place  of  the 
usual  trolley  wheel,  power  is  taken  from  the  overhead  con- 
ductor, by  means  of  a  heavy  contact  shoe  sliding  in  the  con- 
ductor trough  shown. 

This  electric  locomotive  weighs  190,000  lbs.  It  is  pro- 
vided with  two  motor  trucks,  one  of  which  is  shown  in  Fig. 
342.  Four  six-pole  motors  are,  therefore,  placed  on  the  loco- 
motive, each  wound  for  250  volts.  Its  maximum  speed  is 
70  miles  an  hour,  and  its  draw-bar  pull  at  15  miles  per  hour 


Fig.  343— A  General  Electric  G.  E.  800  Motor. 

is  42,000  lbs. ;  the  starting  draw-bar  pull  being  as  high  as 
60,000  lbs.  The  locomotive  is  34  feet  6  inches  long,  14  feet 
3  inches  high,  and  9  feet  6^  inches  wide.  The  drivei-s,  of 
which  there  are  8,  are  62  inches  in  diameter,  and  all  exert 
power  equally. 

Fig.  343,  shows  a  General  Electric  Company's  G.  E.  800 
motor,  i.e.,  a  motor  capable  of  delivering  to  a  car  a  horizontal 
efiEort  of  800  lbs.,  on  a  level,  under  normal  conditions.  The 
frame  is  practically  water-tight,  is  made  of  cast  steel,  and  in 
two  portions.     The  upper  portion  has  a  flap  or  window  W, 
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by  which  access  can  readily  be  had  to  the  brushes  for  inspec- 
tion. 

Fig.  844,  shows  a  General  Electric  Company's  G.  E.  1,000 
motor  closed,  and  Fig.  345,  the  same  motor,  opened.     The 


Fig.  344— General  Electric  G.  E.  1000  Motor.— Closed. 


Fig.  845— General  Electric  G.  E.  1000  Motor.— Open. 

motore  shown  in  Figs.  343  to  345,  are  of  the  quadripolar  typo, 
with  two  field  coils ;  i.  e.,  two  salient  poles,  and  two  conse- 
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quent  poles.     Fig  346,  shows  an  armature  of  one  of  these 
motors  in  course  of  winding. 

The  field  coils  are  thoroughly  insulated  with  asbestos, 
mica,  and  paper.  A  covering  of  heavy  duck  encloses  the 
winding  and  is  drawn  together  and  sewed  after  the  spool  has 
been  wound,  thus  enclosing  the  coils. 


Fig.  340~ArmAtare  In  Course  of  Construction. 


Fig.  347— "General  Electric"  Series-Parallel  Controller.     Form  K. 

Fig.  347,  shows  the  interior  of  a  General  Electric  Com- 
pany's series-parallel  controller.  In  this  controller  of  form  K. 
there  are  two  cylinders.     One  in  the  centre  for  effecting  the 
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various  contocts,  by  which  the  two  motors  of  the  car  aie  placed 
in  series  or  in  parallel,  to  control  their  speed  and  pull ;  and  a 
smaller  one  on  the  right  for  revei-sing  the  armatures  and  the 
direction  of  the  car's  motion  when  necessary.  The  wires  are 
connected  to  the  small  terminal  board  at  the  base,  while  the 
switches  in  the  left-hand  comer  are  for  throwing  out  of  cir- 
cuit one  or  other  of  the  motors,  should  either  happen  to  be 
defective.  The  arcing  at  breaking  contacts  is  suppressed  by 
a  magnetic  blow-out ;  a  large  magnet  being  inserted  in  the 
circuit  so  that  the  contacts  are  broken  beneath  its  poles. 
Fig.  848,  shows  two  General  Electric  Company's  motors. 


Fig.  348— Ckneral  Electric  Motor  Truck,  with  Electric  Brake* 

M,  M,  supported  in  a  street-car  truck,  and  provider!  witt 
electric  brakes,  bb.  G,  G,  are  the  gear  covers.  The  electric 
breaks  are  electromagnets  of  a  special  form,  which  are  excited 
by  the  current  supplied  from  the  motor  armatures  after  the 
trolley  connection  has  been  shut  off  at  the  controller ;  i.  e.,  by 
the  current  taken  from  these  armatures  running  as  dynamos. 
The  brake  is  shown  in  Fig.  349.  It  is  a  circular  magnet 
held  securely  on  the  motor  frame,  while  its  avmature  is  a 
plate  revolving  with  the  car  wheel. 

A  Westinghouse  Electric  Company's  No.  12  A,  street- 
railway  motor,  closed  and  ready  for  mounting  is  seen  in  Fig. 
350.  The  two  portions  of  the  frame  are  hinged  together  as 
bhown.     The  two  bearings  visible   are   the  armature  shaft 
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bearing  and  the  car  axle  bearing  respectively.     The  insulated 
conductoi*s  leading  to  the  field  and  armature  are  shown  upon 
the  upper  portion,  and  pass  through  its  surface. 
Fig.  351,  shows  the  same  motor  with  its  lower  frame  thrown 


Fig.  349—*'  General  Electric  **  Electric  Brake. 


Fig.  350 — Westinghouse  No.  12- A  Motor  Ready  for  Mounting  on  Axle. 

open.  This  opening  can  only  be  done  when  the  motor  is 
mounted  in  a  truck,  by  bringing  the  truck  over  a  pit  in  a  car- 
shed.  The  releasing  of  the  lower  frame  in  this  manner 
enables  the  interior  of  the  motor  to  be  inspected  without  re- 
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moving  it  from  the  truck.     N  and  S,  are  a  pair  of  field-mag« 
net  poles  in  the  lower  frame. 

Fig.  352,  shows  the  same  motor  mounted  with  parallel 
side-bar  suspension,  b,  b,  b',  b',  are  the  parallel  side-bars, 
while  B,  B,  is  the  cross-bar  which  is  supported  in  its  turn 
from  the  side  frames  of  the  truck.  These  motors  are  usually 
constructed  in  25  H.  P.  and  30  H.  P.  sizes.  Two  motors 
are  placed  on  each  car  truck.    A  30  H.  P.  motor  is  usually 


Pig.  351— Westinghouse  No.  12-A  Motor  with  Lower  Field  Opened  Down. 

geared  in  the  ratio  of  68 :  14  with  the  car  wheel  and  with  30" 
wheels  delivers  1,100  lbs.  horizontal  pull  to  a  car  when  run- 
ning on  a  level  at  full  load. 

Fig.  353,  represents  the  core  of  a  Westinghouse  No.  12  A, 
30  horse-power  standard  speed  motor,  with  two  fonned  wound 
coils  placed  in  grooves  upon  its  surface.  Figs.  854,  355, 
and  356,  show  the  appearance  of  the  armature  in  various 
stages  of  winding,  while  Fig.  357,  represents  the  appearance 
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of  the  armature  when  completed.     This  armature  has  47  slots 
or  grooves  on  its  surface  and  93  commutator  bars.     The 


Pig.  352— Westinghouse  No.  12-A  Motor,  Mounted— Showing  Parallel  Side 

Bar  Suspension. 


Pig.  353— Core  of  Westinghouse  30-H.P.  Street  Car  Motor. 


Fig.  354 — Westinghouse  Motor  Armature  in  Process  of  Winding. 

manner  in  which  the  winding  is  effected  is  represented  dia- 
grammatically  in  Fig.  358,  where  the  fii*st  coil  is  placed  in 
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slots  Nos.  1  and  11,  slot  No.  1  being  so  selected  because  it  is 
immediately  opposite  to  a  commutator  bar.     The  coils  are 


Fig.  355— Westinghouse  Motor  Armature  in  Process  of  Winding. 


Fig.  356 — ^Westinghouse  Motor  Armature  in  Process  of  Winding. 


Fig.  357 — Completed  Armature  for  Westingliouse  Xo.  12-A  Motor. 

formed  on  a  machine  in  the  exact  shape  that  they  will  retain 
after  being  placed  npon  the  core.     Eacli  coil  has  two  windings, 
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a  white  and  a  black  winding.  It,  therefore,  has  four  ends  ; 
two  white  and  two  black.  The  firat  coil  as  shown  in  Fig.  858, 
has  its  black  ends  cut  off  short,  so  that  the  black  winding  is 
left  unutilized.  This  is  necessary  in  order  to  accommodate  the 
winding,  and  accounts  for  the  fact  that  there  are  93  commu- 
tator bars,  or  one  less  than  twice  the  number  of  slots.  The 
coils  are  laid  on  successively  in  a  clockwise  direction  all 
round  the  armature,  the  left-hand  side  being  uppermost,  and 
the  right-hand  side  lowermost  in  the  slots.  The  ends  on  the 
right-hand  side  of  each  coil  are  carried  to  the  right-hand  for 


Pig.  358— Diagram  of  Westinghouse  30-II.P.  Armature  Core. 

connection  to  the  commutator.  Similarly,  the  ends  on  the 
left-hand  side  are  carried  to  the  left.  The  positions  at  which 
these  ends  are  soldered  to  the  commutator  segments  are 
nearly  opposite  to  each  other  and  are  shown  in  Fig.  358. 

The  connections  of  the  completed  armature  are  illustrated 
in  Fig.  358.  For  the  sake  of  simplicity,  however,  this  figure 
only  shows  21  slots  in  the  armature,  instead  of  47,  and  82  ends 
connected  to  41  commutator  bars.  The  teeth  on  the  surface 
are  indicated  by  black  rectangles.     Of  the  four  wires  Ij'ing 
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between  adjacent  teetli ;  say,  Nos.  1,  2,  3  and  4,  the  right 
hand  pair  are  the  lowermost  in  the  slot,  and  the  left-hand 
pair  the  uppermost.  Black  wires  are  represented  by  black 
lines,  and  white  wires  by  dotted  lines.  Tlie  radial  portions 
of  the  figure  represent  the  wires  on  the  surface  of  the  arm- 


Fig.  359 — Connections  of  Westinghouse  Completed  Armature. 

ature,  while  the  arcs  of  circles  which  connect  the  radial  por- 
tions with  the  commutator  and  with  each  other,  represent  the 
portions  of  the  winding  at  the  ends  of  the  armature.  The 
black  wire  No.  2,  in  slots  1  and  5,  is  suppressed,  i.  e.,  discon- 
nected. With  the  brushes  fixed  in  the  position  shown,  and 
with  tlie  armature  occupying  the  position  represented  in  the 
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figure,  the  current  entera  the  armature  on  the  positive  brush 
P,  and  takes  two  coui-ses  through  the  windings;  namely,  fii-st, 
one  clockwise  via  wires,  23,5,  63,  45,  19, 1,  60,  42,  16,  82, 
59,  4h  1^>.  81,  56,  38, 12,  78,  55,  37, 11,  77,  52,  34,  8,  74,  51, 
S3,  7,  73,  48,  30,  4,  70,  47,  ^9, 3,69  to  the  negative  brush  N. 
Secondly,  counter-clockwise  by  the  wires  -^,  67,  9,27, 50,68, 
10,  28,  63,  71, 13,  31,  54,  72, 14, 32,  57,  75, 17, 35,  58,  76, 18, 
36,  61,  79,  21,  39,  62,  80,  22,  40,  65,  83,  25,  43,  to  the  nega- 


Fig.  360— Westinghouse  35-H.P.  Railway  Motor. 

tive  brush  N.  The  figures  in  Roman  type  are  black  wires, 
and  the  figures  in  italics  are  white  wires.  It  will  be  seen 
that  owing  to  the  suppression  of  the  wires  2,  20,  there  is  a 
slight  dissymmetry  between  the  two  circuits  into  which  the 
current  divides,  but  owing  to  the  large  number  of  wires,  this 
dissymmetry  is  negligible  in  practice.  The  armature  is  a 
double-wound,  two-circuit  armature,  without  cross-connections 
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at  the  commutator.  It  is  double-wound,  because  there  is  a 
black  and  a  white  wire  in  each  slot,  and  it  is  a  two-circuit 
armature  because  there  are  two  paths  into  which  the  current 
divides  between  the  positive  and  negative  brushes. 

A  Westinghouse  35  H.  P.  i*ailway  motor  is  shown  in  Fig. 
360,  S,  is  a  loop  cast  into  tlie  fi-ame  for  the  support  of  the 
motor  on  parallel  side  bar).  Tlie  gears  are  enclosed  in 
the  cover  V  V,  through  which  projects  the  aimature  shaft  X, 
T,  is  the  ground  connection  firmly  screwed  into  the  frame 
and  L,  is  a  lid  for  giving  access  to  the  brushes  from  above. 


Fig.  361— Westinghouse  SO-H.P.  Railway  Motor. 

Fig.  361,  shows  a  50-H.  P.  Westinghouse  railway  motor 
with  the  lower  case  opened  down  and  the  armature  a,  a,  also 
lowered,  showing  the  commutator  c,  and  the  gear  wlieel.  It 
will  l)e  seen  that  dust  and  mud  are  j)revented  from  reaching 
the  commutator  b}'  a  shield  or  disk  placed  on  the  shaft  out- 
side the  commutator. 

In  Fig.  36i^,  the  same  50  H.  P.  motor  is  shown  with  the 
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armature   raised  into   its  position  in  the  upper  frame,  and 
leaving  the  poles  n  and  s  visible  in  the  lower  frame. 


Fig.  362— West inghoiise  50-H.P.  Railway  Motor. 


Fig.  363— Westlnghouse  100-H.P.  Railway  Motor. 

Fig.  363,  shows  a  Westlnghouse  100-H.  P.  Railway  motor 

intended  for  cradle  suspension. 

FF    Vol.  6 
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The  same  motor  is  shown  in  Fig.  364,  with  the  upper  field 
removed.  In  this  motor  a  joint  has  to  be  made  at  J,  between 
the  upper  and  lower  field  wires. 

Streetroac  motor  armatures  are  designed  to  have  as  little 
weight  as'possilile  for  their  power,  and  also  as  little  fly-wheel 


Pig.  3«i— WestiMgli^mae  l%%  TCP.  Railway  Motor,  Upper  Field  Removed. 

action  •r  rotary  momentum  as  possible,  to  avoid  useless  inertia 
in  starting  6r  stopping  a  car.  The  field  frames  are  generally 
constructed  of  soft  cast  steel,  and  only  sufficient  metal  is 
allowed  iii  tVi©  frame  to  give  ample  mechanical  strength  and 
passage  km  the  necessary  magnetic  flux. 
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CHAPTER  XII. 

ALTERNATING-CURRENT   MOTORS. 

Alternating-current  motors  may  be  divided  into  three 
classes : 

1st.  Those  which  employ  a  commutator  and  are  aeries- 
wound. 

2d.  Synchronous  motors  /  or,  those  which  keep  step  with 
the  alternating  current  which  supplies  them. 

3d.  Asynchronous  motors;  or,  those  which  do  not  ke?p 
step  with  the  alternating  current  supplying  them. 

These  classes  may  be  sub-divided  into  uniphase  or  siiu/le 
phase  motors,  and  multiphase  or  polyphase  motors.  Tlie  second 
class  of  synchronous  motoi*s,  in  tlieir  ordinary  form,  when  con- 
structed of  the  single-pliase  type,  are  not  self-starting,  but 
are  self-starting  under  light  load  when  of  the  multiphase 
type.  Tlie  third  chvss  of  asynchronous  motors  are  commonly 
employed  under  the  title  of  induction  motors. 

Before  the  general  introduction  of  the  multiphase  motor, 
and  at  a  time  when  all  the  alternating-current  circuits  were 
single-phase,  various  means  had  to  be  resorted  to  in  order  to 
operate  the  few  single-phase  motore  of  any  size  which  were 
installed  at  that  time.  One  of  these  means  was  to  employ 
the  excitei*s  as  generators  and  motors  over  tlie  line,  working 
by  continuous  currents,  and  with  the  aid  of  the  exciter  to 
bring  the  armature  of  the  single-phase  machine  up  to  or 
beyond  the  requisite  speed  for  synchronism.  As  soon  as 
this  was  attained  the  exciters  were  withdrawn  to  their  regu- 
lar duty,  and  the  single-phase  motor  connected  with  the 
alternating-current  circuit,  at  the  proper  moment  so  as  to  fall 
into  step.  Another  method  was  to  employ  a  small  multi- 
phase motor  of  the  "  split-phase  "  type,  that  is  to  say  a  multi- 
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phase  motor  in  which  the  multiphase  currents  were  locally 
produced  from  a  single-phase  circuit,  to  bring  tlie  larger 
armature  of  the  single-phase  machine  up  to  speed.  This 
diflBculty  of  starting  uniphase  synchronous  motoi-s,  rendered 
them  very  objectionable  except  in  cases  where  the  motor  had 
to  run  for  a  long  period  without  stopping. 

Although  single-phase  alternating-current  motors  are  not 
self-starting  in  large  sizes,  yet,  in  small  sizes,  a  number  of 
different  alternating-current  motora  are  constructed.  The 
smallest  of  these  is,  perhaps,  found  in  the  Westinghouse 


Fig.  30<)^Revolving  Parts  of  Westinghouse  Shallenberger  Meter. 

Company's  Shallenberger  meter,  which  is  illustrated  in  Fig. 
365.  Here,  the  cover  is  removed  from  the  instrument  and 
the  interior  parts  are  clearly  visible.  C  C,  is  the  coil  carry- 
ing the  alternating  current,  whose  strength  is  to  be  measured 
and  integrated  ;  c,  is  a  smaller  coil,  of  bare  copper  conductor, 
placed  inside  the  coil  C  C,  and  at  an  angle  with  it.  Within 
the  interior  coil  c,  is  a  small  disc  armature,  shown  at  D,  in 
Fig.  366.  This  armatuie  is  formed  of  corrugated  metal,  with 
an  iron  external  ring  on  the  edge.  When  the  alternating 
current  passes  through  the  coil  C  C,  it  induces  an  alternating 
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Pig.  367— The  Dial.  Fig.  368— Recording  Gears. 


Fig.  365— Westinghouse  Sliallenberger  Meter  with  Cover  Removed. 
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current  in  the  closed  copper  coil  c.  The  current  in  the  in- 
terior coil  is  out  of  step  with  the  current  in  the  outer  coil,  and 
their  joint  magnetic  influence  produces  an  elliptically  rotating 
magnetic-field  around  the  disc  armature.  The  disc  arma- 
ture tends  to  rotate  in  unison  with  the  rotating  magnetic- 
field,  and  its  rotation  is  opposed  by  the  resistance  of  the  air 


Fig.  3()9 — Westingbouse  Integrating  Wattmeter. 

to  the  rotating  fan  blades.  The  speed  of  the  disc  armature 
and  fan  blades  is  proportional  to  tlie  current  strength  pjissing 
through  the  instrument.  The  dial  and  recording  gear  are 
shown  in  Figs.  367  and  368. 

Fig.  869,  shows  a  Westinghonse  Electric  Company's  Shal- 
lenberger  integrating  wattmeter,  for  alternating-current  cir- 
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cuits.     The  installment  is  shown  with  its  coyer  remoyed  in 
Fig.  870.     Here  a  horizontal  disc  pivoted  on  a  yerticai  axis. 


Fig.  370— W«8fciiiglioiue  Integnting  Wattmeter  with  Cover  Removed. 


Fig.  371 — Disc- Armature  of  Westinghouse  Integrating  Wattmeter. 

and  shown  separately  in  Fig.  371,  is  free  to  rotate  under  the 
poles  of  one  alternating-current  magnet,  and  above  the  poles 
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of  another  alternating-current   magnet.     The    curi'ents    in 
these  two  magneto  are  out  of  phase,  and  their  reactive  mag- 


Hg.  372— Dial  of  Westlnghouse  Integrating  Wattmeter. 


Fig.  373— General  Electric  Two-Wire  Thomson  Wattmeter. 

netic  effects  upon  eddy-currents  established  in  the  metallic 
disc,  produce  in  it  a  speed  of  rotation  proportional  to  the 
rate  in  watts  at  which  energy  is  being  delivered   through 
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the  apparatus.  The  dial  of  the  instrument  is  shown  in  Fig. 
372. 

Another  small  uniphase  motor  is  found  in  the  General 
Electric  Company's  Thomson  recording  watt-meter,  which  is 
equally  applicable  to  alternating  and  continuous  currents. 
This  instrument  is  shown  in  Fig.  373.  It  consists  of  a 
small  motor  without  iron,  provided  with  a  commutator  and 
brushes,  a  hollow  armature  at  a,  and  a  pair  of  field  coils 
C,  C.  The  field  coils  carry  the  current  whose  strength  is  to 
be  measured  and  integrated,  while  the  armature  a,  receives 
through  its  brushes  resting  on  the  commutator,  a  feeble  cur- 
rent supplied  between  the  mains  through  a  suitable  high 
resistance  placed  in  the  instrument.  The  manner  in  which 
the  machine  operates  on  a  continuous-current  circuit,  will  be 
sufficiently  evident  from  this  description.  When  connected, 
however,  to  an  alternating-current  circuit,  the  magnetism  in 
the  armature  reverses  at  each  alternation  of  the  pressure  in 
the  mains,  while  the  magnetism  in  the  field  coils  reverses  at 
every  alternation  of  the  current  supplied  through  the  instru- 
ment. Consequently,  at  each  alternation  the  magnetic  pull 
reverses  both  in  the  armature  and  in  the  field,  thereby  main- 
taining a  constant  direction  of  motion  in  the  armature.  The 
motion  of  the  armature  is  opposed  by  an  electro-magnetic  brake^ 
composed  of  a  horizontal  copper  disc,  at  the  lower  part  of 
the  instrument,  mounted  on  the  armature  shaft  and  revolving 
through  the  air  gaps  of  three  permanent  magnets.  The 
passage  of  the  copper  disc  through  the  polar  gaps  of  these 
magnets  sets  up  eddy  currents  in  the  copper  which  are  mag- 
netically acted  upon  and  which  tend  to  check  the  speed  of 
rotation.  The  speed  of  the  armature  under  these  conditions 
is  proportional  to  the  power  supplied  through  the  machine  in 
watts. 

Small  fan  motoi-s  are  also  constructed  to  be  operated  by  a 
Uniphase  alternating  current.  In  a  few  instances  these  have 
to  be  started  from  rest  by  hand,  but  those  which  we  are 
about  to  describe  start  automatically. 

Fig.  374,  shows  a  Lundell  alternating-current  fan  motor. 
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suitable  for  circuits  of  60  cycles  or  upwards.  The  switch  at 
the  base  is  for  starting  the  motor  and  for  inserting  a  choking 
coil  for  varying  the  speed.  Three  speeds  can  be  obtained  of 
1,200,  1,400  and  1,600  revolutions  per  minute  respectively. 

The  General  Electric  Company's  single-phase  alternating- 
current  fan  motora  are  shown  in  Figs.  375  and  376.  The 
method  of  opemting  one  of  these  motors  is  shown  in  Fig. 


Fig.  874 — Lundoll  Altornating-Ciirrent  Fan  Motor. 

S77.  The  armature  consists  of  a  laminated  core,  with  slot^ 
containing  bare  copper  conductors  forming  a  simple  squirrel- 
cage  or  short-circuited  winding.  The  field  is  laminated,  and 
the  field  coils  are  held  in  place  upon  the  inwardly  projecting 
pole-pieces.  These  projections  are  divided  at  their  extrem- 
ities into  two  branches.  On  one  of  these  branches,  a  shading 
coiU  formed  of  a  copper  ring  is  placed,  while  tlie  other  branch 
is  left  unshaded.     The  magnetic  field  produced  under  the 
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shaded  half  of  the  pole-pieces,  is  out  of  step  with  liie  mag- 
netic field  produced  in  the  unshaded  half,  and  the  resultant 
effect  is  a  tangential  pull  upon  the  armature  setting  up  rotar 
tion.  The  speed  of  rotation  is  about  1,800  revolutions  per 
minute.  Eight  poles  are  employed,  on  high-frequency  cir- 
cuits of,  approximately,  130  cycles,  and  four  poles,  on  low-fre- 
quency circuits  of,  approximately,  60  cycles. 


r 


Pig.  375.    Front  View,  Fig.  876.    Rear  View, 

of  '*  General  Electric  '*  Company's  Single-Phase  Alternating  Current  Fan 

Motor. 

Fig.  878,  shows  a  Westinghouse  Electric  Company's  alter- 
nating-current fan  motor.  Here,  the  armature  is  also  a 
laminated  mass  with  bare  copper  conductors  forming  a 
squirrel-cage.  The  switch,  at  the  base,  starts  and  controls 
the  speed  of  the  motor  within  certain  limits. 
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Fig.  377— Diagram  of  General  Electric  Alternating  Current  Fan  Motor* 


Fig.  S78— Westinghonse  Alternating  Cnrrent  Tan  MoCoi; 
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Fig.  379,  shows  a  Fort  Wayne  Electric  Corporation's  7^ 
H.  P.  Uniphase  alternating-current  motor.  This  motor  con- 
sists essentially  of  a  synchronous  single-phase  alternating- 
current  motor  with  an  additional  winding,  whereby  it  is 
enabled  to  start  and  come  up  to  synchronous  speed  as  a 
series-wound  uniphase  motor.  That  is  to  say,  the  field  is 
connected  in  series  with  the  aimature,  to  titait  it  from  rest 


Pig.  370— Fort  Wayne  Uniphase  Alternating  Current,  !•%  H.P.  Motor. 

and  bring  it  to  speed,  and  after  the  motor  has  attained  full 
speed,  the  series  field  is  cut  out  of  circuit,  while  the  winding 
on  the  armature  connected  with  the  commutator,  supplies 
continuous  currents  to  excite  the  field  magnets  continuously. 
The  motor  is,  therefore,  supplied  with  a  pair  of  collector 
rings,  on  one  side  of  the  armature,  and  with  a  commutator 
and  brushes,  on  the  other  side,  as  shown  in  Fig.  380.  The 
connections  of  this  motor  are  shown  in  Fig.  381.     The  main 
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Uniphase  circuit  is  connected  by  branches  with  the  double- 
pole  primary  fuse  box,  and  the  primary  winding  of  the  trans- 
former. The  secondary  winding  of  the  transformer  is 
brought  to  the  main  switch  of  the  motor  througli  a  double- 
pole   fuse   block.     When   the   main   switch  is   closed,   the 


Pig.  380— Commutator  Side  of  Fort  Wayne  Uniphase  Alternating  Current 

Motor. 

secondary  circuit  of  the  transformer  is  connected  to  the 
motor  switch  S.  This  motor  switch  has  three  positions.  In 
the  forward  position,  as  shown  in  the  figui-e,  it  starts  the 
motor;  in  the  back  position  it  runs  the  motor  after  starting  ; 
and,  in  the  intermediate  position,  it  cuts  the  motor  out  of 
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circuit  and  stops  it.  As  shown  in  the  figure,  alternating 
currents  are  admitted  to  the  motor,  through  the  brushes  rest- 
ing on  the  commutator,  and  through  the  series  field  coils  f. 
This  causes  the  magnetism  in  the  armature  winding  to- 
reverse  at  each  cycle,  at  the  same  time  that  the  magnetism  in 
the  series  field  coils  is  revei-sed,  so  that  a  steady  magnetic^ 


Fig.  381 — Connections  for  Standard  Fort  Wayne  Motor. 

effort  is  exerted  upon  the  armature  in  one  direction,  despite- 
the  reversals  of  current.  After  the  motor  has  been  brought 
up  to  full  speed,  the  pilot  lamp  connected  to  the  alternating- 
current  side  of  the  armature  lights  up.  The  switch  is  then 
thrown  to  the  back  position,  thereby  closing  the  alternating- 
current  circuit  through  the  armature  collector  rings,  while 
the  brushes  on  the  commutator  are  closed  through  the  shunt 
field  S^  and  the   rheostat  R.     The   armature   is,  therefore,. 
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working  as  a  motor,  on  the  alternating-current  side,  and  by 
the  aid  of  the  commutator  is  working  as  a  generator  on  the 
continuous-current  side,  supplying  continuous  currents  to  the 
field  magnet  shunt-winding,  while  the  field  magnet  series- 
winding  is  out  of  circuit.  The  machine  operates  in  this  con- 
dition as  an  ordinary  synchronous  single-phase  motor.  The 
motor  is  by  this  device  enabled  to  start  with  a  considerable 
torque.  The  sizes  of  this  machine  are  shown  in  the  accom- 
panying table. 

Although  it  is  thus  possible  to  operate  single-phase  motors 
and  start  them  from  rest,  yet  it  practically  requires  in  this 
case  the  union  of  a  continuous-current  motor  with  an  alter- 
nating-current motor  in  order  to  effect  the  starting  and  run- 
ning. The  multiphase  alternating-current  motor  has,  there- 
fore, been  introduced  in  order  to  supply  a  self-starting  motor 
for  alternating-current  circuits. 

Multiphase  motors  may  be  divided  into  two  classes ; 
namely,  synchronous  motors^  and  non-synchronous  or  asyn- 
chronous motors.  Synchronous  multiphase  motors  keep  step 
Avith  the  alternations  of  the  current  supplied  and,  therefore, 
run  at  a  fixed  rate  independent  of  the  load.  As  usually 
constructed  they  have  a  comparatively  feeble  starting  torque 
and  develop  a  stronger  torque  when  they  reach  synchronous 
speed.  2 

Asynchronous  multiphase  motoi^  do  not  keep  step  with  the 
alternations  of  the  current  supplied  to  them,  and,  conse- 
quently, do  not  run  at  a  fixed  speed.  Their  speed  is  below 
that  of  synchronism,  but  they  tend  to  reach  synchronism  at 
no  load.  As  their  load  is  increased,  they  fall  slightly  in 
speed  or  develop  what  is  called  a  slip^  so  that  at  full  load 
they  run  at  from  one  and  a  half  to  seven  per  cent  below 
synchronous  speed  according  to  the  size  and  design  of  the 
motor.  These  motors  have  a  powerful  starting  torque,  and 
are  suitable  for  all  the  purposes  which  call  for  frequent 
starting  and  stoppings. 

Fig.  382,  shows  three  General  Electric  Company's  triphase 

synchronous  motors  located  at  a  sub-station  in  Sacramento, 
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California.  The  motors  are  at  the  right-hand  side,  and  drive 
arc-light  and  incandescent-light  generators  on  the  left-hand 
side.  Each  motor  is  of  333  H.  P.,  has  sixteen  poles,  and 
makes  450  revolutions  per  minute.  They  receive  triphase 
currents  at  a  pressure  of  550  volts.  Each  machine  is  practi- 
cally a  triphase  generator  opei'ated  iuveraely  as  a  motor. 


Fig.  382— Three  General  Electric  Triphnse  Synchronous  Motors. 

Fig.  383,  shows  a  type  of  Westinghouse  Electric  Company's 
asynchronous  or  polyphase  induction  motor.  This  machine 
has  either  four  terminals,  two  for  each  of  the  two  circuits 
constituting  the  diphase  system^  or  three  terminals,  when 
wound  for  the  triphase  system.  The  stator  field  of  this  motor 
is  show  in  Fig.  384.  It  consists  of  a  laminated  field  structure, 
provided  with  slots  for  the  reception  of  coils.  The  coils  are 
connected  with  each  of  the  two  circuits  in  such  a  manner 
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that  a  rotating  magnetic  field  is  produced  in  one  direction  or 
the  other  around  the  frame.  Consequently,  a  piece  of  iron 
would  have  to  rotate  around  the  interior  of  the  frame  at  a 


Fig.  383— Westlnghonse  Polyphase  Type  **C  "  Motor. 

6xed  rate  in  order  to  keep  opposite  to  one  of  the  poles  when 
the  field  circuits  are  closed.  The  rotor  armature  of  the 
motor  is  shown  in  Fig.  385.  It  consists  of  a  laminated  hollow 


Digitized  by 


Google 


Dynamo-Electric  Machinery.  527 

core,  with  slots  through  which  pass  a  number  of  copper  bars. 
These  bars  are  rigidly  clamped  at  each  endof  a  pair  of  copper 
rings,  so  that  the  armature  winding  is  virtually  a  squirrel 
cage,  or  assemblage  of  short-circuited  bars.     It  is,  therefore, 


Fig.  384 — Westinghouse  Polyphase  Type  "C"  Motor,  Primary. 

practically  impossible  to  burn  out  an  armature  which  consists 
of  sheet  iron,  bar  copper  and  insulating  material. 

The  rotation  of  the  magnetic  field  around  the  periphery  of 
the  armature  sets  up  very  powerful  currents  in  the  short-cir- 
cuited winding.  The  magnetic  pull  of  these  currents  on 
the  rotating   field,  establishes   a  correspondingly   powerful 
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torque.  If  the  speed  of  the  armature  were  made  equal  to 
that  of  the  rotating  field  there  would  be  no  relative  cutting 
of  magnetic  flux,  by  the  shorfrcircuited  conductors,  and 
consequently,  there  would  be  no  induced  currents  or  torque. 
The  motor  therefore,  depends  for  its  torque  upon  the  differ- 
ential speedy  or  slip,  of  the  armature  behind  the  speed  of 
rotation  of  the  magnetic  field  established  by  the  multiphase 
currents.      The  greater  this  slip  up  to  a  certain  limit,  the 


Fig.  385— Armature  of  Westinghouse  Polyphase  Motors. 

greater  the  pull  which  the  armature  will  exert  in  trying  to 
keep  up  with  the  field.*  This  type  of  motor  has  no  contact 
brushes,  or  collector  rings  or  short-circuiting  devices,  and 
merely  requires  attention  to  the  supply  of  oil  to  its  armature 
bearings,  which  are  self-oiling. 

When  such  an  induction  motor  is  started  from  rest  the  dif- 
ference in  speed  between  its  rotary  field  and  its  armatui*e  is 
necessarily  very  great,  and  at  this  time  the  current  absorbed 
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is  greater  than  at  any  other  time.  The  starting  torque  of 
one  of  these  motors  at  normal  voltage  is  several  times  the  full- 
load  torque,  so  that  both  the  current  absorbed  by  the  motor 
and  the  torque  are  reduced  at  the  starting  by  reducing  the 
pressure  of  the  terminals.  Fig.  882,  shows  the  connections 
employed  for  this  purpose.  PP,  PT',  are  the  primary  coils  of 
two  diphase  transformers,  PP,  being  connected  to  one  primary 
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Fig.  386 — Diagram  of  Starting  Connections  Westinghouse  Dipliase  Motors. 

circuit,  and  P'P',  connected  to  the  other  primary  circuit.  SS, 
S'S',  are  the  corresponding  secondary  circuits  of  the  two 
transformers,  the  pressure  and  current  generated  in  SS,  being 
,  in  diphase  relationship,  or  90""  out  of  phase  with  respect  to  the 
pressure  and  current  generated  in  S'S'.  If  the  primary  pressure, 
is,  say  2,000  volts,  and  the  secondary  pressure  100  volts,  then 
there  will  be  100  volts  between  the  wires  1  and  3,  and  also 
100  volts  between  the  wires  2  and  4.  These  wires  are  con- 
nected to  the  two  motor  circuits  when  the  motor  is  running 
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at  speed.  By  inter-connecting  the  centres  of  the  two  second- 
ary coils,  the  pressure  between  1  and  2,  is,  approximately,  70 
volts,  and  this  is  also  the  pressure  between  2  and  3.  These 
pressures  are,  moreover,  in  diphase  relationship.  Conse- 
quently, in  starting,  the  motor  is  connected  across  1  and  2, 
and  2  and  3,  receiving  thereby  70  volts  on  each  circuit, 
instead  of  100  volts  on  each  circuit. 


Fig.  387 — Westinghouse  Diphase  Motor  Starting  Connections. 

Fig.  387,  illustrates  these  connections.  M,  is  a  main 
switch,  and  S,  a  throw-over  switch,  employed  in  starting. 
Two  motors  are  shown  ;  one  A,  on  the  left-hand  side,  in  the 
position  of  starting,  and  one  B,  on  the  right-hand  side,  in  the 
position  of  running.  The  switch  S,  of  A,  is  thrown  down. 
This  connects  one  pair  of  motor  circuits  between  wires  1  and 
2,  while  the  other  pair  of  motor  circuits  is  connected  across  2 
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and  3.  This  brings  70  volts  upon  each  of  the  motor  circuits. 
At  B,  the  starting  switch  S,  has  been  thrown  up.  This 
brings  one  motor  circuit  (b)  between  wires  1  and  3,  and  the 
other  motor  circuit  (a)  between  wires  2  and  4.  The  motor 
is  now  operated  at  100  volts  pressure. 

When  it  is  desired,  not  only  to  start  and  stop  an  induction 
motor,  but  also  to  reverae  its  direction  of  rotation,  an  addi- 
tional switch  is  employed.  This  is  represented  in  Fig.  384. 
Here  the  main  switch  is  a  single  pole  switch  at  M.  S,  is  the 
throw-over  starting  switch,  and  R,  is  a  throw-over  revei-sing 
switch.  The  function  of  the  throw-over  reversing  switch  is 
merely  to  reverse  the  connection  between  one  pair  of  mains  ; 
namely,  2  and  4,  with  the  motor.  This  is  for  the  reason  that 
if  we  reverse  the  pair  of  wires  entering  the  "a"  terminals, 
or  if  we  reverse  the  pair  of  wires  entering  the  "  b  "  terminals, 
we  reveree  tlie  direction  of  rotation  of  the  armature,  but  if 
we  revei-se  both  pail's,  we  leave  the  direction  of  rotation 
unchanged. 

Another  method  of  starting,  employed  by  the  Westing- 
house  Company,  by  what  is  called  an  auto-starter^  is  illustrated 
in  Fig.  389.  C  and  C,  are  two  auto-transformers^  resembling 
transformera  in  appearance,  but  having  a  single  winding  for 
both  primary  and  secondary.  These  are  tapped  at  certain 
points  by  switches  s,  s'.  At  the  highest  points,  the  full  pres- 
sure, and  at  the  lowest  point  the  lowest  pressure,  is  brought 
to  act  on  the  motor.  The  main  switch  M,  has  four  blades  and 
three  positions.  When  thrown  up  for  running,  it  connects 
the  motor  terminals  directly  to  the  circuits  A  and  B.  When 
thrown  down  as  shown,  for  starting,  it  connects  the  coils  C 
and  C,  across  the  circuits  A  and  B,  respectively  and  intro- 
duces a  certain  portion  of  the  pressure  across  these  coils  upon 
the  motor  circuits  a  and  b,  the  amount  of  this  pressure 
depending  upon  the  position  of  the  switches  «,  «'.  The  inter- 
mediate position  of  the  main  switch  interrupts  the  circuits. 
In  order  to  start  the  motor  the  switch  is  thrown  down,  there- 
by bringing  a  reduced  diphase  pressure  to  the  motor.  After 
the  motor  has  started,  the  switch  is  thrown  up,  thereby  cut- 
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Fig.  388 — Starting  and  Reversing  Connections  of  a  **  Westlnghouse"  Type 
C  Two-phase  Induction  Motor. 
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Fig.  390— A  50-H.  P.  Type  B,  Tesla  Motor  Driving  Heavy  Machinery  In 
tlie  Westingliouse  Shops. 


Digitized  by 


Google 


Digitized  by 


Google 


Dynamo-Electric  Machinery. 


535 


< 

iA 


Fig.  889 — Connections  of  "  Westlnghouse''  Auto-Starter. 
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ting  out  the  coils  C  and  C\  and  bringing  full  pressure  upon 
ibe  motor. 

The  preceding  induction  motors  are  also  constructed  for 
triphase  circuits  by  the  Westinghouse  Company,  the  differ- 
ence consisting  entirely  in  the  field  winding.  The  magnetic 
field  is  then  made  to  rotate  by  the  interaction  of  three 
triphase  currents,  instead  of  two  diphase  currents. 

Fig.  890,  shows  another  form  of  Westinghouse  two-phase 


Pig.  a»l— Crane  Equipped  with  "  Westinghouse  "  'fype  **  C  "  2-Phase  Motor. 

induction  motor  of  50  H.  P.  In  this  machine  the  diphase* 
alternating  currents  are  led  to  the  rotating  part  or  rotor, 
through  four  collector  rings  on  the  end  of  the  rotating  shaft. 
This  produces  a  rotating  field  around  the  periphery  of  the 
rotor,  and  sets  up  induced  currents  in  the  stationary  sur- 
rounding ring  or  stator.  The  large  switch  is  for  cutting  out 
resistances  in  the  stator  circuits,  when  the  machine  has  been 
brought  up  to  speed. 
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Fig.  391  A,  shows  a  crane  equipped  with  Westinghouse 
Electric  Company's  Diphase  Motors  of  the  "C  "  type.  Mj,  Mji, 
Ms,  perform  the  same  functions  as  those  described  in  relation 
to  Fig.  C  is  an  auto-converter  for  use  with  M^.  at  starting. 

The  eCBciency  of  induction  motors  is  usually  quite  as  good 
as  the  efficiency  of  continuous-current  motors  of  the  same 
power.  Thus,  a  one-horse  power  induction  motor  when  fully 
loaded  usually  has  about  75  per  cent,  efficiency ;  a  10  H.  P. 
motor,  80  per  cent;  and  a  50  H.  P.  motor,  90  per  cent. 


r 


n 


Fig.  392— "General  Electric"  Tripliase  Induction  Motor. 

Fig  392,  shows  a  General  Electric  Company's  triphase 
induction  motor.  This  machine  produces  12  rotating  mag- 
netic poles  ;  that  is  to  say,  an  arrangement  of  12  alternating 
poles,  each  pole  being  situated  30°  distant  in  the  field  frame 
from  the  adjoining  poles.  It  makes  600  revolutions  per 
minute  at  no  load,  so  that  it  is  intended  for  a  circuit  having 
12  X  600  =  7,200  alternations  per  minute  ;  i.e.,  60  cycles  per 
second.  It  is  wound  for  3,000  volts,  and  for  a  delivery  of  100 
K.  W.  This  type  of  motor  is  employed  in  driving  mining 
machinery  in  South  Africa.  The  three  terminals  a,  b  and 
c,  are  for  the  reception  of  the  three-phase  wires. 
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The  starting  of  these  induction  motoi-s  is  effected  with  the 
aid  of  the  handle  H.  This  handle  when  pressed  forward 
towards  the  machine,  causes  a  rotating  collar  to  enter  certain 
contacts  and  thereby,  short-circuit  certain  resistances  which 
are  carried  around  with  the  armature. 


Fig.  393 — Diagram  of 


c  c 

•General  Electric"  Induction  Motor  Armature 
Connections. 


The  arrangement  of  these  resistances  is  represented  dia- 
grammatically  in  Fig.  393.  At  A,  is  shown  the  geneml 
arrangement  of  the  armature  winding.  It  will  be  seen  that 
there  are  three  circuits  a,  b  and  c,  connected  between  a  pair 
of  conducting  rings.  In  each  circuit  is  placed  a  pair  of 
resistances  r, «,  so  that  there  are  three  triphase  windings 
which  start  from  one  ring,  and  after  travei*sing  these  resist 
ances,  terminate  at  the  other  ring.     The  collar  on  the  arma- 
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ture  shaft  which  is  pressed  forward  by  the  handle  H,  in  Fig. 
892,  establishes  connection  first  with  the  three  shoes  o,  o,  o, 
and  then  with  the  three  shoes  v,  v,  v.  By  this  means  the 
resistances  are  cut  out  in  two  successive  steps.  At  B,  in  the 
figure  is  a  diagram  of  three  triphase  armature  circuits  con- 
nected to  a  common  point  or  ring  by  resistances  r  s.  At  C, 
the  inner  resistances  r,  have  been  cut  out  by  the  first  step  of 
the  collar.  At  D,  the  outer  resistances  s,  have  oeen  cut  out  by 
the  second  step  of  the  collar.  B,  shows  the  condition  of  the 
armature  at  starting,  and  D,  when  running. 


Fig.  394— "General  Electric"  Triphase  8-pole,  10  H.-P.  Induction  Motor. 

Fig.  894,  shows  a  General  Electric  Company's  triphase 
eight-pole  10  H.  P.  induction  motor  running  at  900  revolu- 
tions per  minute  on  a  60-cycle-per-second  circuit  at  Bulawayo 
Mines,  South  Africa. 

The  rheostat  which  is  seen  in  front  of  the  machine  controls 

both  field  and  armature  circuits.     When  at  the  off  position 

the  field  circuits  are  broken  at  the  inner  rings  which  are 

divided  into  three  segments.     On  turning  the  rheostat  handle 

to  start  the  motor,  the  primary  or  field  circuits  are  first  closed 
HH     Vol.  6 
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at  the  inner  rings,  thus  establishing  the  rotating  field  in  the 
motor,  and  the  full  resistance  is  inserted  in  the  three  arma- 
ture circuits.  This  resistance  is  cut  out  in  successive  steps 
in  order  to  regulate  the  torque  and  speed. 

In  small  motors  of  10  H.  P.  or  less,  there  is  usually  only  a 
single  set  of  resistances  s,  and  but  two  positions  of  the  start- 
ing lever  instead  of  three. 

A  General  Electric  Company's  triphase  induction  motor, 
disassembled,  is  shown  in  Fig.  395.  F,  is  the  laminated 
field  frame,  wound  with  three  sets  of  coils,  connected  to  the 
triphase  terminals  a,  b,  c,  and  producing  a  rotating  magnetic 
£eld.    A,  is  the  armature,  having  a  laminated  core  and  tri- 


J 


'v^^t?' 


^ 


Fig.  395— A  "General  Electric"  Triphase  Induction  Motor  Disassembled. 

phase  winding,  as  represented  in  Fig.  393.  C,  is  the  sliding 
collar,  which  is  moved  into  and  out  of  spring  contacts,  by 
the  lever  L,  under  the  control  of  the  handle  H. 

The  dimensions  of  these  motors  are  given  in  Fig.  396,  up 
to  5  H.  P.  and  in  Fig.  397,  up  to  150  H.  P.  in  connection 
with  the  accompanying  table. 
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Fig.  398,  shows  a  General  Electric  Company's  triphase 
induction  motor,  supported  from  a  ceiling  beam  in  a  position 
suitable  for  driving  shafting.  Here,  the  starting  handle  H, 
is  intended  to  be  operated  by  a  lever  from  the  floor.  This 
machine  has  12  poles,  and  makes  600  revolutions  per  minute. 
It  is,  therefore,  intended  for  a  60-cycle  circuit.  It  supplies 
110  H.  P.  at  full  load.  This  type  of  motor  is  advantageous 
for  use  in  mills  and  factories,  since  it  occupies  no  floor  space 
and  is  readily  belted  to  countershaf ting.  Fig.  399  gives  the 
dimension  of  these  ceiling  motors  in  connection  with  the 
table  on  page  551. 

Fig.  400,  shows  a  General  Electric  Company's  triphase 
induction  motor,  connected  to  a  duplex  sinking  pump,  capa- 
ble of  delivering  150  gallons  per  minute  against  300  feet 
head.  This  motor  is  so  arranged  that  it  can  be  operated 
when  entirely  submerged  in  water  and  is  suitable  for  min- 
ing work. 

Fig.  401,  shows  a  General  Electric  Company's  Uniphase 
induction  motor  weighing  350  Ibs^  This  is  a  2  H.  P.  machine, 
with  8  poles,  making  1870  revolutions  per  minute  on  light 
load,  corresponding  to  12,000  alternations  per  minute  or  a 
frequency  of  125  cycles  per  second.  Being  a  Uniphase 
motor,  it  would  not  be  capable  of  starting  when  connected 
with  Uniphase  mains,  but  it  is  started  by  connecting  two 
resistances  in  series  across  the  104  volt  mains,  one  resist- 
ance being  non-inductive,  and  the  other  being  inductive. 
This  produces  a  difference  of  phase  in  the  pressure  at  the 
terminals  of  the  two  resistances,  and  a  wire  being  led  from 
their  junction  to  the  middle  terminal  of  the  motor  serves 
to  provide  a  difference  of  phase  to  the  motor  in  order  to 
start  it. 

The  current  taken  by  an  induction  motor  when  running 
light  is  usually  about  \A,  of  the  current  it  takes  when  loaded, 
but  as  this  light-loaded  current  is  much  out  of  step  with  the 
pressure,  it  only  represents  a  fraction  of  the  power  corre- 
sponding to  the  product  of  the  volts  and  amperes.  As  this 
current  requires  a  correspondingly  large  current  from  the 
generator  even  if  attended  with  comparatively  little  power. 
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Fig.  400— A  "General  Electric"  Waterproof  Pumping  Induction  Motor. 
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it  is  advisable  to  install  induction  motors  in  such  a  manner 
that  they  may  run  conveniently  near  full  load,  when  the 
current  and  pressure  will  be  nearly  in  step.  The  current 
strengths  required  to  start  the  Greneral  Electric  Company's 
induction  motors  is  stated  in  the  accompanying  table. 

Current  Taken  by  Three-phase  iNDUcrnoN  Motors  at  110  Volts. 


Starting  Current 

Starting  Current 

B.  P.  or  MOTOR. 

rULL-LOAD  CCRRRNT. 

at  150  percent,  of  Full 

at  Full  Load 

Load  Torque. 

Torque. 

1 

6.3 

19 

2 

12 

36 

3 

18 

54 

5 

28 

42-84 

28 

10 

54 

70 

54 

15 

81 

120 

81 

20 

112 

167 

112 

80 

168 

252 

168 

50 

268 

400 

268 

75 

390 

585 

390 

100 

550 

825 

550 

150 

780 

1180 

780 

Big.  401 — "General  Electric"  Uniphase  Induction  Motor. 
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Pig.  405— S.  K.  C.  Condenser. 

Digitized  by  VnOOQlC 


Digitized  by 


Google 


Dynamo-Electric  Machinery.  559 

Fig.  402,  shows  a  front  and  rear  view  of  the  Stanley- 
Electric  Company's  standard  two-phase  induction  motor. 
Here,  one  of  the  diphase  currents  is  supplied  to  one  half  of 
the  stator  winding,  and  the  other  diphase  current  is  sup- 
plied to  the  other  half.  The  rotor,  which  is  subjected  to 
the  magnetic  action  of  both  portions  of  the  stator,  has  cur- 
rents induced  in  its  windings.    These  produce  a  magnetic 


Fig.  403— Field  of  S.  K.  C.  Two-Phase  Motor. 

field  which  starts  the  motor.  A  switch,  whose  handle  is 
shown,  is  for  the  purpose  of  cutting  out  resistance  from  the 
rotor  circuits  as  the  machine  is  brought  up  to  speed. 

Fig.  403,  shows  the  interior  of  the  stator  or  stationary 
field  of  this  machine.  This  is  composed  of  a  laminated 
cylinder  in  two  halves.    One  half  is  wound  with  one  set  of 
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coils  in  series  and  the  other  half  is  wound  with  a  second 
set,  the  two  sets  overlapping ;  i,  e.j  not  placed  opposite,  but 
alternate  in  position  as  shown  in  the  figure.  One  set  of 
coils  is  connected  to  one  circuit  and  the  other  set  of  coils 
to  the  other  circuit  of  the  diphase  system,  the  pressure  at 
terminals  being  approximately  500  volts  in  each  circuit. 

It  will  be  seen  that  there  is  a  copper  bar  lying  across 
the  centre  of  each  pole-piece.  Each  of  these  bars  forms  a 
part  of  a  local  circuit.  If  these  short-circuited  bars  were 
removed,  the  currents  flowing  in  the  armature  windings 
would  be  considerably  retarded.  The  proximity  between 
the  fixed  closed  circuits  of  the  copper  bars  and  the  revolv- 
ing closed  circuits  of  the  armature  serves  to  largely  reduce 
the  self-induction  of  the  latter,  and  thereby  to  increase  the 
effective  torque  of  the  motor. 

Fig.  404,  shows  a  rotor  armature  both  in  the  wound  and 
unwound  condition.  It  will  be  seen  that  the  core  is  made 
in  two  portions,  one  for  each  half  of  the  stator  frame.  The 
winding  is  carried  across  so  as  to  cover  both  portions,  so 
that  the  currents  induced  in  one  portion  may  pass  through 
the  other.  The  ends  of  these  windings  are  brought  through 
a  hollow  shaft  and  are  connected  to  collector  rings. 

Induction  motors  always  tend  to  retard  the  current  which 
they  receive ;  or,  in  other  words,  to  cause  the  waves  of  cur- 
rent to  lag  behind  the  waves  of  alternating  E.  M.  F.,  or 
pressure  which  produce  them.  This  tendency  to  retard  the 
phase  of  the  current  increases  with  the  frequency  of  the  alter- 
nation, being  more  noticeable  at  a  frequency  of,  say,  1 25 
cycles  per  second,  than  at  a  frequency  of,  say,  60  cycles  per 
second.  To  neutralize  this  tendency  as  far  as  possible,  con- 
densers are  connected  across  the  terminals  of  the  S.  K.  C. 
motors,  since  a  condenser  inserted  in  an  alternating-current 
circuit  tends  to  advance  the  current,  or  make  the  waves  of 
current  flow  ahead  of  the  waves  of  the  E.  M.  F.  The  neu- 
tralization of  the  lagging  tendency  in  the  motor  by  the  lead- 
ing tendency  in  the  condensers,  considerably  improves  the 
regulation  of  the  distribution  system,  and  reduces  the 
amount  of  current  required  to  operate  the  motor. 
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DIAGRAM  FOR  VVIRING  TWO  PHASE  MOTORS. 

PRIMARY  LINES 


F    n 


^ 


MOTOR  TRANSFORMERS    | 


TWO  PHASE  MOTOR 

Fig.  406— Connection  of  S.  K.  C.  Two-Phase  Motors. 
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An  S.  K.  C.  condenser  suitable  for  connection  across  the 
motor  terminals,  and,  therefore,  for  sustaining  a  pressure  of 
500  volts  is  shown  in  Fig.  405,  both  with  the  cover  closed 
and  with  the  cover  open.  The  two  wires  issuing  from  the 
apparatus  on  the  left-hand  side  are  connected  to  one  circuit, 
and  the  two  wires  issuing  on  the  right-hand  side  to  the 
other  circuit  of  the  diphase  system.  The  connections  are 
made  to  the  various  blocks  of  the  condensers  through  fuse 
wires  as  shown. 

Fig.  406,  shows  the  connections  of  a  Stanley  Electric 
Company's  two-phase  motor  with  a  two-phase  system.  The 
switch  has  four  blades  and  closes  both  the  motor  circuits. 
The  dimensions  of  these  motors  are  shown  in  the  table  ac- 
companying Fig.  407.  It  will  be  seen  that  these  motors 
are  constructed  in  standard  sizes  for  two  frequencies; 
namely,  16,000  alternations  per  minute  and  8,000  alterna- 
tions per  minute. 


Fig.  407— Dimensions  of  S.  K.  C.  Two-Phase  Motors, 
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CHAPTER  Xm. 

REGULATORS    FOR   ALTERNATING-CURRENT   CIRCUITS. 

It  is  sometimes  necessary  to  raise  or  lower  the  pressm^  of 
an  alternating-current  circuit,  in  order  to  regulate  the  pres- 
sure delivered  at  its  distant  end.  In  alternating-current  cir- 
cuits, this  is  usually  accomplished  by  means  of  what  are  called 
alternatin^-cxirrent  regulators^  or  iiidicctian  regulators.  They 
consist  essentially  of  transformers,  in  which  the  primary  is 
excited  by  being  connected  directly  across  the  circuit,  while 
the  secondary  is  in  series  with  the  circuit,  and,  therefore, 
the  circuit  receives  the  E.  M.  F.  generated  therein. 


Fig.  408— General  Electric  Standard  Induction  Regulator. 

Fig.  408,  shows  a  General  Electric  Company's  standard 
induction  regulator,  having  a  capacity  of  20  K.  W.  and  for 
800  amperes  in  the  secondary  circuit.  It  is  intended  to 
raise  or  lower  the  voltage  in  the  secondary  circuit  by  7 
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volts,  as  a  maximum,  so  that  by  moving  the  interior  portion 
through  a  range  of  120®,  with  the  aid  of  the  handle,  a  total 
change  of  14  volts  will  have  been  effected  in  the  circuit  to 
which  the  secondary  is  connected.  This  machine  has  6 
poles  and  is  designed  for  a  frequency  of  25  cycles  per 
second. 

The  principle  on  which  an  induction  regulator  operates  is 
illustrated  by  Fig.  409,  Avhich  shoAVs  the  interior  of  a  Gen- 
eral   Electric  Company's  small  feeder-potential  regulator. 


Fig.  409~Feeder  Potential  Regulator. 

Here,  there  are  two  coils  fixed  at  right  angles  to  each  other 
in  a  laminated  iron  structure.  One  of  these  coils  is  a  pri- 
mary coil  and  is  connected  directly  across  the  mains  as  shown. 
The  other  coil  is  a  secondary  coil,  and  is  connected  in  series 
Avith  the  lower  main.  The  magnetic  circuit  of  the  primary 
coil  is  closed  through  a  laminated  core  Avhich  is  capable  of 
being  moved  about  an  axis  through  a  limited  angular  range 
by  the  handle.  When  the  core  is  set  at  right  angles  to  the 
primary  coil,  the  total  magnetic  flux  cutting  the  secondary 
coil  is  nil,  and  no  resultant  E.  M.  F.  is,  therefore,  induced 
in  the  secondary  or  the  lower  main  connected  with  it. 
When,  however,  the  core  is  tilted,  so  as  to  pass  through 


Digitized  by 


Google 


566 


Hecent  Types  of 


both  coils,  a  greater  or  less  quantity  of  the  magnetic  flux 
generated  by  the  primary  coil  is  caused  to  thread  through 
the  secondary  coil  and  an  E.  M.  F.  is  thereby  produced  in 
the  secondary  circuit.  Fig.  410,  illustrates  these  connections 
in  greater  detail. 

A  General  Electric  Company's  large  induction  regulator, 
of  1,000  H.  P.  capacity,  is  shown  in  Fig.  411.    Here,  the 


Fig.  410 — Diagram  of  Connections  of  Feeder-Potential  Regulator. 

inner  ])ortion  is  rotated  either  by  hand,  or  by  the  aid  of  a 
small  alternating-current  motor.  The  external  frame  of  the 
regulator  is  shown  in  Fig.  412.  The  winding  of  this  frame 
is  connected  as  a  primary  across  the  mains,  and  the  interior 
portion  or  secondary  is  connected  in  series  with  the  mains. 
The  secondary  winding  is  capable  of  carrying  8,000  amperes, 
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while  the  pressure  induced  in  the  secondary  coil,  in  its 
maximum  position,  is  about  90  volts.  This  regulator  is  in 
use  in  the  Carborundum  Company's  works  at  Niagara 
Falls. 


Fig.  411^Genenil  Electric  1000-H.P.  Indaction  Regulator. 

The  Westinghouse  Electric  Company's  Stilwell  regulator 
is  shown  in  Fig.  413.  This  machine  is  employed  in  a  feeder 
to  raise  or  lower  its  pressure  above  that  of  the  bus-bars 
supplying  the  feeder.  It  consists  essentially  of  a  transformer, 
whose  primary  is  connected  across  the  bus-bars,  while  the 
secondary  has  a  number  of  different  coils  which  can  be 
introduced  into  or  removed  from  the  circuit  of  the  feeder  to 
be  supplied.  The  pressure  is  raised  by  turning  the  handle 
so  as  to  include  a  greater  number  of  secondary  turns  in  the 
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feeder  circuit.  A  diagram  of  connections  is  shown  in 
Fig.  414:.  Here,  the  dynamo,  which  is  usually  a  Uniphase 
generator,  supplies  the  lower  line  directly,  and  the  uppei 
line  through  the  secondary  circuit  of  the  regulator.  The 
position  of  the  handle  determines  how  many  turns  of  the 


F'ig.  4Ki — Westiiighouse  Stilwoll  H:  gnlator. 

secondary  winding  sluiU  l)e  included  in  the  circuit.  By^ 
reversing  the  current  througli  the  j)rimary  coils,  the  E.  II. 
F.  in  the  feeder  can  he  reverstul,  so  that  it  may  he  either 
added  to  or  subtracted  from  the  working  pressure  in  the 
feeder. 
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Fig.  412— Frame  of  General  Electric  1000-H.P.  Induction  Regulator. 
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Fig.  414— Internal  Connection  of  the  Stlllwell  Regolaton. 
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CHAPTER  XIV. 

SEOOKDABT  OENSRATOBS. 

A  seoonda/ry  generator  may  be  defined  as  an  apparatos  for 
obtaining  the  working  pressure  of  one  circuit  from  a  neigh- 
boring circait. 

Secondary  generators  may  be  divided  into  three  classes ; 
namely : 

(1)  Those  which  transform  continuous  currents  at  one 
pressure  into  continuous  currents  at  another  pressure. 

(2)  Those  which  transform  continuous  currents  into 
alternating  currents. 

(8)  Those  which  transform  alternating  currents  into  con- 
tinuous currents. 

The  apparatus  for  effecting  these  transformations  are  also 
of  three  types ;  namely: 

(1)  Motor-dynamos^  or  those  in  which  a  motor  operates  a 
dynamo  which  is  directly  coupled  to  it. 

(2)  Dyncmiotora^  or  those  in  which  the  motor  and  dynamo 
windings  are  associated  upon  the  same  core  and  pass  through 
the  same  field. 

(3)  Rota/ny  transformers  in  which  a  common  winding  is 
connected  to  collector-rings  for  alternating  currents  and 
also  to  a  commutator  and  brashes  for  continuous  currents. 

A  secondary  generator  of  the  first  class  may  be  called  a 
oontmiu>icS'Ourrent  secondary-generator,  while  for  the  second 
and  third  types  it  might  be  called  an  aZternaUng-current 
secondary-generator. 

Continuous-current  secondary-generators,  are  frequently 
used  either  to  charge  storage  batteries,  or  to  raise  the 
pressure  on  a  feeder.  "When  a  system  of  low-tension  mains 
is  being  fed  from  a  central  station,  at  a  steady  pressure,  it 
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may  happen  that  the  voltage  is  low  on  some  outlying  district 
supplied  by  a  special  feeder.  In  order  to  increase  the  voltage 
on  this  district,  without  increasing  the  pressure  on  the 
remainder  of  the  system,  a  generator  of  suitable  type  is 
inserted  in  the  circuit  of  the  feeder  supplying  the  district, 
and  is  operated  so  as  to  add  its  E.  M.  F.  to  that  produced  by 
the  central-station  dynamos.  Such  a  generator,  since  it  raises 
the  pressure,  is  sometimes  called  a  booster.  Fig.  415,  shows 
a  central-station  booster  for  three-wire  service.  Mj  and 
M„  are  two  75-K.  W.,  240-volt  compound-wound  motors, 
one  or  both  of  which  may  be  driven  by  current  taken  from  the 
bus-bars  of  the  station  through  suitable  switches.  B  and 
B ,  are   two   generators.    The    armatures    of    these    ma- 


Fig.  415— •* General  Electric*'  Booster  Set. 

chines  are  connected  directlv  in  the  circuit  of  the  feeder, 
whose  pressure  is  to  be  raised ;  Bi,  being  in  the  negative 
conductor  of  the  feeder,  and  Bj^,  in  the  positive  conductor. 
The  current  is  supplied  through  the  massive  copper  cables 
to  the  heavy  brush  holders  supported  in  a  massive  rocker 
arm.  When  the  armatures  are  at  rest,  the  current  passes 
through  each,  without  encountering  any  E.  M.  F.,  and  only 
the  mere  resistance  of  the  armature  winding,  whereby  the 
drop  of  pressure  in  the  feeder  is  increased  instead  of  being 
diminished.  As  soon  as  the  armature  is  driven  up  to  speed, 
by  one  or  both  motors,  it  can  be  caused  to  produce  an  E.M.F. 
as  high  as  60  volts,  by  adjusting  the  excitation  of  the 
separately-excited  field  magnets  m,  m.  By  this  means  the 
increase  of  pressure  on  the  feeder  can  be  made  anything 
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from  0  to  60  volts,  the  maximnm  current  supplied  through 
the  armatures  being  1,200  amperes  each. 


lit.  ilA-->A.  FiOr  of  «*  G«iiei«l  Saecftric'^  Booiter  Scls. 


Fig.  417— Crocker-Wheeler  Continuous-Current  Dynamotor, 

Fig.   416,  shows  a  pair  of  similar  motor-generators  in 
separate  sets  in  the  central  station  of  the  Edison  Illuminating 
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Company  at  Boston.  The  positive  machine  is  here  driven 
by  one  motor,  and  the  negative  machine  by  a  separate 
motor.  P  P  P  P,  shows  the  path  of  the  positive-feeder, 
leading  through  the  positive  armature,  and  N  N,  the  cor- 
responding path  of  the  negative-feeder,  leading  through  the 
negative  armature. 

Fig.  417,  shows  a  Crocker-Wheeler  Company's  continupus- 
current  dynamotor  of  the  step-up  type,  intended  for  being 
operated  by  an  incandescent-lighting  circuit  and  delivering 
2,500  volts  pressure  for  insulation  testing  purposes.  The 
right-hand  side  of  the  armature  is  the  motor  side,  receiving 


Fig.  418 — Crocker- Wheeler  Continuous-Current  1-2-H.P.  Dynamotor. 

the  incandescent-lighting  current,  at  a  pressure  of  say  230 
volts,  and  on  the  left-hand  side  are  the  commutator  and 
brushes,  for  supplying  2,500  volts.  This  machine  has  2  H.P. 
capacity,  and,  consequently,  is  capable  of  receiving  about  6 
amperes  and  d^ivering  about  6-10  ampere. 

The  Crocker-Wheeler  dynamotors  run  counter-clockwise 
when  looked  at  from  the  motor  ends. 

Fig.  418,  shows  a  Crocker- Wheeler  continuous-current 
dynamotor,  for  reducing  from  incandescent-lighting  pressure 
to  electroplating  pressure,  while  Fig.  419,  shows  a  Crocker- 
Wheeler  continuous-current  dynamotor  for  increasing  from 
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voltaic   battery  pressure  to  150  volts  pressure.    The  sizes 
and  weights  of  these  machines  are  given  in  Fig.  420. 


Fig.  419— Crocker  Wheeler  1-6-H.P.  Continuous-Current  Dynamotor. 
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Y\g,  420 Diaj^ram  of  Pro^kpr-Wheeler  Dynamotors  from  1-fi  to  10-H.P. 

A    Crocker-Wheeler    Electric    Company's    2  1-2  K.  W. 
dvnamotor  for  transforming  from  continuons  to  alternating 
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currents  is  shown  in  Fig.  421.  This  machine  receives  a 
continuous  current  at  terminals  T,  T,  one  of  these  only- 
being  visible,  supplying  the  commutator  C,  and  shunt  field 
magnet  windings  M.  Brushes  b,  b,  resting  on  collector  rings 
r,  r,  carry  off  the  secondary  alternating  current  of  low 
frequency  at  about  40  volts  pressure.  The  machine  is 
designed  for  electric  heating. 


Fig.  421~Orocker- Wheeler  Size  5  Dyiuimotor. 

Fig.  422,  shows  a  1-6  H.  P.  Crocker-Wheeler  Electric 
Company's  continuous-current  dynamotor  for  charging 
storage  batteries.  It  receives  current  from  incandescent 
lighting  mains  at  110  volt  pressure  at  terminals  T,  T,  tlirough 
the  switch  «,  to  the  commutator  c.  The  secondary  winding 
on  the  armature  is  connected  to  the  comnmtator  C,  and 
supplies  the  brushes  6,65  connected  to  one  of  the  secondary 
terminals  through  the  automatic  switch  S.  As  the  secondary 
winding  comprises  a  comparatively  small  number  of  heavy 
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turns  of  wire,  the  secondary  pressure  is  small^  with  a  corre- 
spondingly large  current.  For  this  reason  the  secondary 
commutator  surface  C  is  considerably  larger  than  the 
primary  commutator  surface  c,  although  nearly  the  same 
amount  of  electric  energy  passes  through  each.  The  more 
distant  field  mstgnet  is  hinged  at  the  base,  so  as  to  be  capable 
of  a  limited  range  of  movement  to  and  from  the  armature 


Pig.  422— Crocker-Wheeler  1-6-H.P.  Continuous-Current  Dynamotor. 

under  magnetic  attraction.  When  the  primary  switch  s  is 
closed,  thereby  exciting  the  field  magnets,  these  tend  to  hug 
the  armature  and  so  close  the  charging  circuit  of  the 
secondary  winding  through  the  switch  S.  As  soon  as  the 
switch  8  is  opened,  or  the  primary  current  is  accidentally 
cut  off,  the  field  magnets  lose  their  excitation,  the  distant 
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pole-piece  moves  back  and  breaks  the  storage  battery  circuit 
at  S.  This  prevents  the  storage  cells  from  accidentally 
discharging  through  the  secondary  generator. 

Fig.  423,  shows  a  1  H.  P.  Crocker- Wheeler  motor- 
dynarao  for  telegraph  work.  The  left-hand  side  P,  of  the 
machine  is  the  primary  side,  receiving  current  from  incan- 
descent-lighting mains.  The  right-hand  side  S,  is  the 
secondary  side,  supplying  continuous  currents  for  telegraph 
circuits.  The  reason  for  employing  two  field  magnets,  i.  e., 
motor-dynamo  instead  of  a  dynamotor,  is  that  the  secondary 
pressure  can  be  regulated  by  regulating  the  secondary  field 
current,  without  affecting  the  speed  or  primary  field. 


Fig.  42&— Crockei^Wheeler  1-H.P.  Motor-Dyiutmo  for  Telegraph  Work. 

Fig.  424,  shows  a  Crocker-Wheeler  Electric  Company's 
80  K.  W.  "  Booster  "  or  motor-dynamo  for  electric  light 
feeders.  One  machine,  A,  is  operated  as  a  motor  from  the 
station  bus-bars,  and  drives  the  other,  B,  as  a  generator.  The 
armature  of  B  is  in  circuit  with  a  feeder  or  feeders,  and  the 
E.  M.  F.  generated  in  B  is  added  to  these  feeders,  thereby 
pai»ngtitie  pressure  they  deliver.  The  secondary  pressure 
so  added  is  controlled  by  the  field  excitation  of  B.  The 
entire  machine  weighs  11.5  tons,  and  the  "booster" 
capacity  is  80  K.  W.  at  the  full  secondary  voltage. 
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Fig.  425,  shows  a  battery  of  Crocker-Wheeler  Electric 
.Company's  dynamotors  employed  in  a  Central  Telephone 
Exchange.  A  and  B  are  ringers,  L  e.,  1  H.  P.  continnons- 
altemating  dynamotors,  operated  at  incandescent  lighting 
pressore  and  deUvering  alternating-currents  of  pressure  and 
frequency  suitable  for  working  call  bells.  C  and  D  are 
1-6  H.  P.   continuou£hcurrent  dynamotors,  also  operated 


Pig.  424— Crocker-Wheeler  Sire  90  C.W.  Boaster. 

at  incandescent-lighting  pressure,  and  supplying  a  low- 
pressure  continuous-current  used  in  restoring  the  annunciator 
drops  automatically  on  the  insertion  of  connecting  plugs ' 
when  the  calling  subscriber  is  answered  at  the  telephone 
switchboard.  A  and  C  are  working  machines,  B  and  D 
being  kept  in  reserve. 
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Fig.  425— Crocker- Wheeler  Telephone  Central  Battery  of  Dynamotors. 
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Fig.  426,  shows  a  group  of  four  General  Electric  Com- 
pany's diphase  rotary  convertors  at  Niagara  Falls  for 
supplying  continuous  currents.  These  machines  have  each 
a  capacity  of  600  K.  W.  and  have  16  poles,  running  at  188 
revolutions  per  minute.  Diphase  alternating  currents,  at 
2,000  volts  pressure  are  received  in  the  building  and  trans- 
formed to  alternating  currents  of  115  volts  pressure,  by  two 
sets  of  200  K.  W.  alternating-currents  transformers  shown, 
one  set  for  each  phase.  The  alternating-currents  from  the  se- 


Fig.  420— General  Electric  Diphase  Rotary  Converters  at  Niagara  Falls. 

condary  circuits,  at  115  volts  pressure,  are  then  supplied  to 
the  alternating-current  side  of  the  rotary  transformers  which 
are  thereby  operated  as  diphase  motors.  When  their  arma- 
tures are  in  operation,  the  commutators  they  carry  enable 
the  brushes  to  take  off  continuous  currents  from  the  same 
windings.  The  machines  in  the  foreground  of  the  figure 
are  blowers  for  cooling  the  stationary  transformers  by  air 
blast. 
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Fig.  427,  shows  the  alternating-current  side  of  another 
form  of  Greneral-Electric  Company's  rotary  converter  with 
its  collector-rings,  while  Fig.  428,  shows  the  continaouch 
cnrrent  side,  with  its  commutator  and  brashes,  the  handles 
being  employed  to  raise  or  depress  the  brashes  together  and 
also  to  shift  their  position  together. 

This  machine  occupies  a  floor  space  10'  x  13'  6''  and  is  11' 
'6'  high.  It  weighs,  approximately,  80,000  pounds.  It 
•receives  diphase  alternating  currents,  at  about  110  volts 
pressure,  and  delivers  continuous  currents  at,  approximately, 
160  volts  pressure.  The  armature  is  so  constructed  that  the 
air  passing  through  it  is  blown  on  to  the  commutator,  there- 
by cooling  the  same.  The  temperature  elevation  of  these 
machines  is  about  36^  C  on  full  load.  This  machine  is  self- 
excited  and  is  self-starting.  Its  field  is  shunt-wound  and 
receives  current  from  the  continuous-current  side.  The 
armature  consists  essentially  of  a  continuous-current  wind- 
ing, tapped  at  suitable  points  for  connection  to  collector, 
rings,  so  that  the  current  enters  the  winding  on  one  side  as 
an  alternating  current  and  leaves  on  the  other  as  a  continu- 
ous current. 

Fig.  429,  shows  a  General  Electric  Company's  three-phase 
rotary  converter  for  supplying  a  railroad  circuit  from  a 
triphase  circuit.  This  machine  has  a  capacity  of  400  K.  W., 
has  8  poles  and  makes  500  revolutions  per  minute.  It  is, 
therefore,  operated  on  a  circuit  of  33  cycles  per  second.  It 
occupies  a  floor  space  of  9'  x  9'  3'  and  has  a  height  of  8'  6," 
its  weight  being  about  38,000  pounds.  It  receives  triphase 
currents  on  the  alternating-current  side,  at  330  volts  pres- 
sure, and  delivers  continuous  currents  at  its  commutator  and 
brushes,  at  550  volts  pressure.  It  is  shunt-wound,  self -excited 
and  selfnstarting,  when  supplied  from  the  alternating- 
current  circuit. 

Fig.  430,  shows  a  General  Electric  Company's  two-phase 
or  quarter-phase  rotary  converter  at  the  Niagara  Falls 
power  house.  This  machine  has  400  K.  W.  capacity,  with 
six  poles;  and  makes  500  revolutions  per  minute,  repre- 
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Fig  427— General  Electric  Rotary  Transformer. 


Fig.  428— General  Electric  Rotary  Transformer  Showing  Continuous- 
Current  Side, 
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Fig.  429 — General  Electric  Triphase  Rotary  Tranaformer. 


Fig.  430-Geiiera]  Electric  Diphate  Rotary  Transformer  at  Niagara  Falla. 
KK    Vol.  5 
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senting  a  frequency  of  25  cycles  per  second.  It  receives 
diphase  currents,  at  its  alternating-current  side  and  delivers 
continuous  currents,  from  carbon  brushes  at  575  volts  pres- 
sure. It  is  employed  to  excite  the  fields  of  the  large  West- 
inghouse  turbine  diphase  generators  of  5,000  H.  P. 


Fig.  4:31— Westinghouse  250  K.  W.  Two-Phase  Rotary  Transformer. 

Fig.  431  and  432,  shows  a  Westinghouse  Electric  Com- 
pany's two-phase  rotary  transformer  of  250  K.  W.  capacity. 
This  machine  transforms  diphase  alternating  currents  re- 
ceived at  four  collector  rings  and  terminals  T  T,  into  con- 
tinuous currents  delivered  at  the  brushes  B  B  resting  on  the 
commutator  ;  w  is  the  brushholder-circle  adjuster ;  m  m, 
the  field  magnets  excited  by  currents  delivered  from  the 
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brushes.  In  order  to  start  the  machine  by  diphase  current* 
from  rest  in  the  unexcited  condition,  a  small  starting 
diphase  induction  motor  f  is  placed  on  the  same  shaft. 

Fig.  433,  shows  the  armature  of  this  machine  A  is  the 
main  armature  provided  with  collector  rings  r,  r,  on  one  side 
and  a  commutator  c,  on  the  other,  a  is  the  armature  of  the 
small  starting  induction  motor. 


Fig.  434— Westlnghonse  175-K.  W.  Two-Phase  Induction  Rotary 
Transformer. 

Fig.  434,  shows  a  Westinghouse  two-phase  ITS-K.W.  induc- 
tion rotary  transformer.  The  diphase  alternating  cur- 
rents are  admitted  to  the  armature  winding  at  the  dis- 
tant end  through  collector  rings.  The  commutator  at  the 
near  end  is  connected  with  the  winding,  and  delivers  a  con- 
tinuous current  through  carbon  brushes  to  a  continuous- 
current  circuit  at  a  pressure  of  from  125  to  165  volts.  This 
pressure  is  controlled  by  varying  the  voltage  of  alternating 
current  supplied,  but  may  be  also  adjusted  by  varying  the 
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Fig.  433— Westinghouse  250  K.  W.  Two-Phase  Rotary  Transformer 
Armature. 
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Fig.  435— Field  Frame  of  Westinghouse  Induction  Rotary  Transformer. 
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lead  of  the  brushes  on  the  commutator,  with  the  aid  of  the 
handle  H.  The  machine  is  supplied  through  the  two  trans- 
formers shown  in  the  distant  part  of  the  room,  one  trans- 
former being  connected  in  each  of  the  two  diphase  primary- 
circuits.  This  machine  is  self-starting  and  runs  at  synchro- 
nous speed.  It  is  capable,  however,  of  running  at  speeds 
below  synchronism  as  an  induction  machine^  The  field 
frame  of  the  machine  is  shown  in  Fig.  435.  It  has  six  poles, 
but  these  have  no  field  winding.  The  excitation  is  supplied 
entirely  from  the  armature  or  rotor,  and  the  diphase  cur- 
rents circulating  in  it.  The  machine  starts  as  an  induction 
motor  but  runs  at  synchronism  in  magnetic  relation  to  the 
polar  projections  of  the  stator.  Should  any  disturbance 
aflfect  the  system,  such  as  an  overload  or  short  circuit,  the 
machine  will  not  be  appreciably  affected,  for  even  if  it 
breaks  synchronism  it  will  continue  to  run  as  an  induction 
motor  until  synchronism  has  been  regained. 


THE   END. 
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Oregon,  Installation,  284,  285. 

Direct  -  Connected  Walker  Company's 
*' Short"  Dynamo,  21  to  23. 

Direct-Connected  **  Westinghouse  Kodak" 
Generator,  44,  45. 

Direct-Driven  Arc- Light  Dynamo,  Western 
Electric  Company's,  165,  166. 

Direct-Driven,  Compound- Wound,  Sexti- 
polar  Dynamo,  Bullock  Electric  Com- 
pany's, 54,  55. 

Direct -Driven  Dynamo  for  Isolated  Light- 
ing, Westinghouse  Company's,  31, 
82. 

Direct-Driven  Generators,  Foundations  for, 
72. 

Direct-Driven  Generators,  Operation  of,  155,. 
156. 
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Direct-Driven  Qenerators,  Precautions  in 
Operating,  72. 

Direct-Driven  Generators,  Precautions  in 
Placing  Armature  on  Engine  Shaft,  72. 

Direct-Driven  Monocyclic  Generator,  Gen- 
eral Electric  Company's,  812. 

Direct-Driven  Multipolar  Dynamo,  General 
Electric  Company's,  45,  46. 

Direct-Driven  Multipolar  Dynamo,  Siemens- 
Halske,  for  Isolated  Service,  27,  28. 

Direct-Driven  Multipolar  Generator,  Gen- 
eral Electric  Company's,  47. 

Direct-Driven  Multipolar  Generator,  Ridg- 
way  Dynamo  and  Engine  Company's, 
214. 

Direct-Driven  Octopolar  Generator,Crocker- 
Wheeler  Electric  Company's,  57,  58. 

Direct-Driven  Railway  Generators,  Gen- 
eral Electric  Company's,  Baltimore  and 
Ohio  Power  House  Installation,  148, 
145. 

Direct-Driven  750-K.  W.  Triphase  Genera- 
tor, General  Electric  Company's,  Sac- 
ramento, Installation,  282,  283. 

Direct-Driven  Stanley  Kelly  Company's 
Diphase  Generator,  295,  297,  298. 

Direct-Driven  r«.  Belt-Driven  Generators, 
18. 

Direct-Driven  Western  Electric  Company's 
Dynamos  for  Isolated  Plant  Service, 
19,20. 

Direct-Driven  **Wood"  Arc-Light  Gener- 
ator, 170,  172. 

Direction  of  Late  Development  of  Dynamo- 
Electric  Machinery,  16. 

Distributed  Windings,  251. 

Dynamo,  Booster,  573. 

Dynamo,  Sextipolar,  45. 

I^narao-Electnc  Machine,  Compoimd- 
Woimd,  71. 

Dynamo-Electric  Machine,  Modem  Type 
of,  15. 

Dynamo-Electric  Machine,  Multipolar, 
20. 

Dynamo-Electric  Machine,  Octipolar,  40. 

I^namo-Electric  Machine,  Over-Com- 
pounded, 72. 

Dynamo-Electric  Machine,  Series- Wound, 
71. 

Dynamo-Electric  Machine,  Shunt -Wound, 
71. 

Dynamo-Electric  Machinery,  Direction  of 
Late  Development  of,  16. 

Dynamo-Electric  Machinery,  Various  Types 
of,  16. 

Dynamos  and  Motors,  Differences  in  Con- 
struction of,  17. 

Dynamos  and  Motors,  Interchangeability 
of,  16. 

Dynamos,  Direct-Connected,  18. 

Dynamos  for  Isolated  Plants,  18. 

Dynamotors,  572. 


E. 

Eddy-Current  Loss  in  Transformer,  855. 

Efficiency  of  Large  Dynamos,  16. 

Electric  Horse-Power,  116. 

Electric  Locomotive  for  Baltimore  and  Ohio 
Railrc^  Installation,  General  Electric 
Company's,  491. 

Electric  Mining  Locomotives,  General  Elec- 
tric Company's,  481,  48S,  485,  487,  489, 
498. 

EUectrolytic  Decomposition,  Generators  for, 
202. 

Electrolytic  Generator,  Excelsior  Electric 
Company's,  202,  208. 

Electrolytic  Generators,  Westinghouse  Elec- 
tric and  Manufacturing  Company's,  206 
to  207. 

Elevator,  Electric,  of  Sprague-Pratt*  Com- 
pany, 448,  449. 

Elevator  Hoisting  Machine  of  Sprague- 
Pratt  Company,  447  to  452. 

Elevator  Motor,  Keystone  Electric  Com- 
pany's, 429,  431,  488. 

Engine  Type,  120-Kilowatt,  125-Volt, 
Direct-Current  **  Westinghouse"  Gen- 
erator, 89,  40. 

Excelsior  Electric  Company's  Belt-Driven 
Arc-Light  Generator,  172,  178,  175. 

Excelsior  Electric  Company's  Belt-Driven 
Arc-Light  Grenerators,  Tabular  Dimen* 
sions  of,  176,  177. 

Excelsior  Electric  Conipany's  Direct-Con^ 
nected  Grenerators,  Table  of  Dimensiona- 
of,  70. 

Excelsior  Electric  Company's  Electrolytia 
Generator,  202,  203. 

Excelsior  Electric  Company's  150-K.  W. 
Direct-Connected  Generator,  70,  71. 

Excelsior  Electric  Company's,  Slow-Speed 
Belt-Driven  Generators,  Table  of  Di- 
mensions of,  98,  94. 

Exciter,  217. 

F. 

Feeder  Potential-Regulator,  General  Elec- 
tric Company's,  665,  566. 

Feeders,  143. 

Field  Rheostats  of  Westinghouse  Electrio 
and  Manufacturing  Company's  Multi- 
polar Generators,  w,  87. 

Field,  Rotating-Magnetic,  626. 

Five  Hundred  Horse-Power  Dynamo  of 
1890,  15. 

Five  Thousand  Horse-Power  Dynamo,  Ni- 
agara Falls  Installation,  16. 

Fly-wheel,  Use  of,  with  Gas  or  Oil  Engines, 

Fort  Wajrne  Electrio  Corporation's  Self- 
Starting  Single-Phase  Alternating-Cur- 
rent Motors,  Tabular  Data  of,  524. 
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Fort  Wayne  Electric  Corporation's  Uni- 
phase Alternating-Current  Motors,  530 
to  623. 

Fort  Wayne  Electric  Corporation's  "  Wood  " 
Arc-Light  Transformers,  859,  868. 

Fort  Wayne  Electric  Corporation's 
**  Wood"  Transformer,  858,  868,  861. 

Fort  Wayne  Electric  Corporation's  **  Wood  " 
Transformers,  Tabular  Dimensions  of, 
860.  ^ 

Foundations  for  Direct-Driven  Generators, 
72. 

Frequency  of  Alternation,  215. 

a. 

«Gas  or  Oil  Engines,  Use  of  Fly-Wheel  with, 
74. 

General  Connections  of  Thomson-Houston 
Arc-Light  Installation,  186. 

-General  Electric  Company's  Air-Cooled 
265-K.  W.  Transformer,  855. 

Oeneral  Electric  Company's  Alternating- 
Current  Generators  Tabular  Dimen- 
sions of,  285. 

General  Electric  Company's  Alternating- 
Current  Single-Phase  Fan  Motors,  617, 
518. 

General  Electric  Company's  Automatic 
Electric  Circuit-Breaker,  149,  150. 
.General  Electric  Company's  Belt-Driven 
Arc-Light  Generator,  "Brush"  Type 
of,  188  to  198. 
^General  Electric  Company^  Belt-Driven 
Arc-Light  Generators,  Thomson-Hous- 
ton Type  of,  183,  184. 

Tjteneral  Electric  Company's  Belt-Driven 
Generator,  78. 

General  Electric  Company's  Belt-Driven, 
Iron-Clad  Bipolar  Generators,  75,  77, 
78. 

General  Electric  Company's  Belt-Driven 
Multiphasers,  Tabular  Dimensions  of, 
290,  291. 

General  Electric  C/ompany's  Belt-Driven 
Railway  Generators,  136, 139. 

General  Electric  Company's  Belt-Driven 
Railway  Generators,  Tabular  Dimen- 
sions of,  141 ,  142. 

•General  Electric  Company's  Central-Station 
Booster,  573,  574. 

'General  Electric  Company's  Continuous- 
Current  Fan  Motor  for  Incandescent 
Lighting  Circuits",  444. 

•General  Electric  Company's  Controlling 
Panels,  440. 

•  Gteneral  Electric  Company's  Controlling 
Panels  for  Small  Motors,  440,  448. 

'Oeneral  Electric  Company's  Diphase  Rotary 
Converters  for  Niagara  Falls  Installa- 
tion, 583  to  588. 

•General   Electric  Company's    Direct-Con- 


nected Railway  Generatorsl,  128,  180, 
134. 

General  Electric  Company's  Direct-Con- 
nected Triphase  Grenerator,  Portland, 
Oregon,  Installation,  284,  285. 

General  Electric  Company's  Direct-Coupled 
Generators,  Tabular  Dimensions  of,  52. 

General  Electric  Company's  Direct-Driven 
Monocyclic  Generator,  812. 

General  Electric  Company's  Direct-Driven 
Multipolar  Dynamo,  45,  46.  47. 

General  Electric  Company's  Direct-Driven 
Railway  Generators,  Baltimore  and 
Ohio  Railroad  Power  House  Installa- 
tion, 143, 145. 

General  Electric  Company's  Direct-Driven 
Railway  Generators,  Tabular  Dimen- 
sions of,  132,  133. 

General  Electric  Company's  Direct-Driven 
Triphase  Generators,  Sacramento  In- 
staUation,  282,  288. 

Greneral  Electric  Company's  Direct-Driven 
Smooth-Core  Multipolar  Generator, 
134.  135. 

General  Electric  Company's  Electric  Brake 
for  Electric  Truck,  498. 

General  Electric  Company's  Exciters  for 
Alternators,  Tabular  Dimensions  of, 
286. 

General  Electric  Company's  Feeder  Poten- 
tial Regulator,  565,  566. 

General  Electric  Company's  Feeder  Poten- 
tial Regulator,  Diagram  of  Connections 
of,  566,  567. 

General  Electric  Company's  **  G.  E.  800" 
Motor,  495. 

General  Electric  Company's  "  G.  E.  1000" 
Motor,  496,  497. 

General  Electric  Company's  Induction 
Motor,  Diagram  of  Armature  Connec- 
tions of,  5&. 

General  Electric  Company's  Locomotive  for 
Baltimore  and  Ohio  Railroad  Installa- 
tion, 491. 

General  Electric  Company's  Locomotives 
for  Surface  Haulage,  488. 

General  Electric  Company's  Marine  Gener- 
ating Set,  49,  5a 

General  Electric  Company's  Marine  Type  of 
Quadripolar  Generators,  49. 

General  Electric  Company's  Mining  Loco- 
motives, 481,  483,  485,  487,  489,  493. 

General  Electric  Company's  Mining  Loco- 
motives, Tabular  Data  of,  486. 

General  Electric  Company's  Moderate- 
Speed  and  Slow-Speed  Motors,  Form 
**  H  "  General  Dimensions  of,  439. 

General  Electric  Company's  Moderate- 
Speed,  Belt-Driven  Generators;  Table 
or  Dimensions  of,  80. 

General  Electric  Company's  Moderate 
Speed  Quadripolar  Motors,  436,  487. 
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General  Electric  Company's  Monocyclic 
Generators,  305  to  809. 

Oeneral  Electric  Company's  Monocyclic 
Generators,  Connections  of,  816. 

General  EUectric  Company's  Multi-Circuit 
Arc-Light  Generator,  Brush  Type  of, 
199,  201. 

General  Electric  Company's  Multipolar 
Direct-Driven  Lighting  Generators, 
Tabular  Dimensions  of,  48. 

General  Electric  Company's  Multipolar 
Generator,  46,  47. 

General  Electric  Company's  100-K.  W. 
Sub-Station,  Air-Blast  Transformer,858, 
354. 

General  Electric  Company's  1,000-H.  P. 
Induction  Regulator,  566,  567,  569. 

General  Electric  Company's  Series-Parallel 
Controller,  Form  »*K,"  497,  498. 

General  Electric  Company's  750-K.  W. 
Transformer,  851,  853. 

General  Electric  Company's  Single-Phase 
Alternators,  233,  234. 

General  Electric  Company's  Single-Phase 
Alternators,  Diagram  of  Connections 
of,  235. 

General  Electric  Company's  6-Pole,  100-H. 
P.  Continuous-Current  Motor,  441,  444. 

General  Electric  Company's  Slow-Speed, 
Belt-Driven  Generators,  Table  of  Di- 
mensions of,  80. 

General  Ele<!tric  Company's  Standard  Belt- 
Driven  Generators,  81. 

General  Electric  Company's  Standard  Belt- 
Driven  Monocyclic  Generators,  807, 
809. 

General  Electric  C'ompany's  Standard  In- 
duction Regulator,  564,  565. 

(General  Electric  Company's  Standard  Rail- 
wav  Switchboard,  137,  143. 

General  Electric  Company's  Switohboazd 
for  Edison  Lighting  Station  at  San 
Francisco,  152. 

General  Electric  Company's  **  Terrapin- 
Back"  Electric  Mining  Locomotive, 
Sizes  and  Capacities  of,  478. 

General  Electric  Companv's  Thomson  Two- 
Wire  Watt-Meter,  515,  516. 

(General  Electric  Company's  Three-Phase 
Generator,  Connection  for  Series  Field 
of,  287. 

(General  Electric  Company's  Three-Phase 
Induction  Motors,  Table  of  Current 
Absorbed  at  110  Volts,  552. 

General  Electric  Company's  Three-Phase 
Rotary  Converter  for  Supplying  Rail- 
way Circuits,  584,  587,  588. 

General  Electric  Company's  Triphase  8- 
Pole.  10-H.  P.  Induction  Motor,  539. 

General  Electric  Company's  Triphase  Gen- 
erator for  Lachine  Rapids  Installation, 
282,  283,  284. 


General  Electric  Companv's  Triphase  In- 
duction Motor,  537,  53§. 
General  Electric  Company's  Triphase  In- 
duction Motor,  Inverted  Form  of,  545, 

547. 
General  Electric  Company's  Triphase  In- 
duction Motors,  Tabular  Dimensions  of, 

541  to  544. 
General     Electric     Company's     Triphase 

Synchronous  Motors,  523,  525. 
General     Electric     Company's   Truck    for 

Electric  Locomotives,   Baltimore   and 

Ohio  Installation,  491. 
General    Electric    Company's   Type    **  F" 

Transformers,  838  to  842. 
General    Electric    Company's   Type    **F'" 

Transformers,    Percentage    Efficiency 

of,  839. 
General    Electric    Company's    Tyi)e    **F" 

Transformers,    Primary    Fuse-Box    of, 

342.  844. 
G^eneral    Electric    Company's    TVpe    ''F" 

Transformer,  Regulation  of,  o40. 
General    Electric    Company's    Type    **F" 

Transformers,  Tabular  Dimensions  of, 

341. 
General  Electric  Company's  Type  "  H"  Air- 

Cooled  Transformers,  848. 
General  Electric  Company's  Type  "  H  "  of 

Standard     Water-Type     Transformer, 

349. 
General    Electric   Company's    Type    **H*' 

Transformers,  342,  844,  845,  347,  848. 
Greneral    Electric    Company's   Type    **H" 

Transformers,  Tabular  Dimensions  of, 

356. 
General  Electric   Company's  Water-Proof 

Triphase  Induction  Motor,  547,  549. 
Generator,  Monocyclic,  305. 
Generator,    Multipolar,    General    Electric 

Company's,  46,  47. 
Generators,  Connection  of,  in  Three-Wire 

Central-Station,  186. 
Generators,  Direct-Connected,  18. 
Generators  for  Electrolytic  Decomposition, 

202. 
Generators,  Three-Bearing,  88. 
G^enerators,  Two-Bearing,  88. 
Gramme-Ring  Multipolar  Dynamo,  Com*^ 

mercial  Electric  Company's,  109,  110. 

H. 

High-Frequency  Alternator,  216. 
High-Speed  Dynamos^,  Output  of,  18. 
Horse-Power,  Electric,  116. 
Hysteresis,  357. 
Hysteretic  Loss  in  Transformer,  856,  857. 


Induction  Motors,  509. 
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Induction  Regulator,  General  Electric  Com- 
pany's, 564,  565. 

Induction  Regulator,  Greneral  Electric  CJom- 
pany's,  1,000-H.  P.  566,  567,  569. 

Induction  Regulators,  564. 

Inductor  Alternators,  240. 

Interohangeabilitv  of  Dynamos  and  Motors, 
16. 

Interchangeability  of  Motors  and  Dynamos, 
378. 

Interior  CJonduit  and  Insulation  Company's 
"Lundell"  Alternating-Current  Fan- 
Motor,  516,  517. 

Interior  Conduit  and  Insulation  Company's 
**Lundell'*  Direct-Connected  Gener- 
ator Sets,  Tabular  Data  of,  66. 

Interior  Conduit  and  Insulation  Company's 
**LundeH"  Direct-Connected  Quad- 
ripolar  Dynamos,  65  to  67. 

Interior  Conduit  and  Insulation  Conipan^'s 
"Lundell"  Generators  for  Gas-Engine 
Service,  77. 

Interior  Conduit  and  Insulation  Company's 
**LundeH"  Standard  Motors,  410,  418. 

Iron-Clad  Armatures,  46. 

Isolated  Plants,  Dynamos  or  Generators  for, 
18. 


Jumper,  162. 


K. 


Keystone  Electric  Company's  Belt-Driven 

Generators  and  Motors,  102,  103. 
Keystone    Electric    Company's    Elevator 

Motor,  429,  431,  433. 
Keystone    Electric    Company's     Elevator 

Motor,  Reversing  Switch  of,  484,  435, 

436. 
Kilowatt,  Definition  of,  25. 


Lakon  Company's  Transformers,  364. 
Large    Alternating-Current  Transformers, 

Method  of  Building,  327,  828. 
Large  Dynamos,  Efficiency  of,  16. 
Lightning  Arrester,  160. 
Locomotor,  466. 
Long-Distance   Power  Transmission   with 

Step-Up  and  Step-Down  Transformers, 

Diagram  of,  294. 
Longitudinal  Section  of  Nut  of  Sprague- 

Pratt  Elevator  Hoist,  449. 
Longitudinal   Section   of   Siemens-Halske 

Direct-Driven  Dynamo,  31,  32. 
Low-Frequency  **  Wood  "  Alternator,  231, 

233. 
"  Lundell "      Alternating-Current      Fan- 
Motor,  516,  517. 


**  Lundell"    Direct-Connected     Dynamos, 

Tabular  Data  of,  66. 
"Lundell"  Direct-Connected  Quadripolar 

Dynamos,  65,  66,  67. 
"Lundell"    Generators    for   Gas   Engine 

Service  77 
"  Lundell"  Standard  Motors,  410,  418. 

M. 

Marine  Generating  Set,  General  Electric 
Company's,  49,  50. 

Marine  Type  of  General  Electric  Company's 
Quadripolar  Generators,  49. 

Meter,"  Shallenberger,"  Westinghouse  Elec- 
tric and  Manufacturing  Company's, 
610,  511,  513. 

Modern  Type  of  Dynamo-Electric  Machine, 
15. 

Monocyclic  Generator,  305. 

Monocyclic  Generator,  Diagram  of  Internal 
Connections  of,  306. 

Monocyclic  Generatore,  General  Electric 
Company's,  805  to  309. 

Monocyclic  System,  305. 

Monocyclic  System,  Power  Wire  of,  306. 

Motor-Dynamo  for  Telegraph  Work,  Crock- 
er-Wheeler Electric  Company's,  579. 

Motor-Dynamos,  572. 

Motor,  Electric,  Westinghouse  Electric  and 
Manufacturing  Company's  12 A,  500, 
501. 

Motor,  "G.  E.  800,"  General  Electric  Com- 
pany s,  495. 

Motor,  "  G.  E.  1000,"  General  Electric  Com- 
pany's, 496,  497. 

Motor,  Pilot,  449. 

Motor,  Pilot  Lamp  of,  522. 

Motor  Starting  Box  of  "  C  and  C"  Electric 
Motor  Company,  395,  397. 

Motors.  Alternating-Current,  509. 

Motors  and  Dynamos,  Interchangeability  of, 
878. 

Motors,  Asynchronous,  509. 

Motors,  Asynchronous  Multiphase,  628. 

Motors,  Induction,  509. 

Motors,  Multiphase,  509. 

Motors,  Non-Synchronous  Multiphase,  628. 

Motors,  Polyphase,  509. 

Motors,  Series- Wound,  509. 

Motors,  Shunt,  381. 

Motors.  Single-Phase,  509. 

Motors,  Single-Reduction,  478. 

Motors,  Synchronous,  509. 

Motors,  Synchronous  Multiphase,  528. 

Motors,  Uniphase,  509. 

Multi-Circuit  Arc-Light  Generator,  General 
Electric  Company's  "  Brush  "  Type  of, 
199  201. 

Multiphase  AltematingOurrent  Generators, 
215. 

Multiphase  Alternator,  246. 
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Multiphase  Motors,  509. 

Multiphase  Motors,  Split-Phase  Type  of,  509, 
510. 

Multipolar  Dynamo-Electric  Machine,  20. 

Multipolar  Motor,  Card  Electric  Company's, 
435,  436. 

Multipolar  Motor,  Western  Electric  Com- 
pany's, 386,  387. 

N. 

Negative  Bus-Bar  of  Station,  135. 

Neutral  Bus-Bar  of  Station,  135. 

Niagara  Falls,  5,000  horse-power  Dynamo, 
15. 

No-Current  Automatic  Cut-off,  Crocker- 
Wheeler  Electric  Company's,  385. 

Non-Synchronous  Multiphase  Motors,  523. 

O. 

Octopolar  Dynamo-Electric  Machine,  40. 

Octopolar  Motor,  Crocker-Wheeler  Electric 
Company's,  401.  403. 

Oil-Cooled  75-K.  W.  Transformer,  Westing- 
house  Electric  and  Manufacturing 
Company's,  326,  327. 

Oil-Cooled  Transformers,  322. 

Operation  of  Direct-Driven  Generators,  155, 
156. 

Ordinary  Shunt  Motor,  Connections  of,  383. 

Output  of  High-Speed  Dynamos,  18. 

Over-Compounded  Machine,  72. 

P. 

**  Packard  "  Transformers,  375. 

Pilot  Lamp  of  Motor,  522. 

Pilot  Motor,  449. 

Polyphase  Alternating-Current  Generators, 
215. 

Polyphase  Induction  Motor,  Westinghouse 
Electric  and  Manufacturing  Company's, 
525  to  528. 

Polyphase  Motor,  Type  **C,"  Westinghouse 
Electric  and  Manufacturing  Company's, 
526,  527. 

Polyphase  Motors,  509. 

Positive  Bus-Bar  of  Station,  135. 

Power  Wire  of  Monocyclic  System,  306. 

Pressure,  Average,  between  Adjacent  Com- 
mutator Bars,  41. 

Primary  Coil  of  Alternating-Current  Trans- 
former. 319. 

Primary  Fuse-box  of  General  Electric  Com- 
pany's Type  **F"  Transformer,  343, 
344. 

Q. 

Quadripolar  Generator  or  Motor  of  Bullock 
Electric  Company,  452,  453. 


Quadripolar  Iron-Clad  Motors,  **  C  and  C," 
Electric  Motor  Company's,  387,  391. 

Quadripolar  Moderate-speed  Motors,  Gen- 
eral Electric  Company's,  436,  437. 

Quadripolar  Motor  of  Storey  Motor  and 
Tool  Company,  423. 

Quadripolar  Motors,  Ahlm-Edwards  Elec- 
tric Company's,  425,  426. 

R. 

Railway  Motor,   200-H.  P.,  Walker  Com- 

pany's  "  Short  "  Type,  475. 
Railway  Motor,  Walker  Company's,  485. 
Railway  Motor,  Westinghouse  Electric  and 

Manufacturing    Company's   35-H.   P., 

506. 
Railway  Motor,  Westinghouse  Electric  and 

Manufacturing    Company's   50-H.   P., 

506,  507. 

Railway  Motor,  Westinghouse  Electric  and 
Manufacturing  Company's  100-H.   P., 

507,  508. 
Reducing  Switch,  161. 

Regulator  of  Arc-Light  Dynamo,  158. 

Regulator,  Westinghouse  Electric  and 
Manufacturing  Company's,  **  Stillwell," 
567,  568. 

Regulators,  Induction,  564. 

Resistance  Box  or  Rheostat,  382,  383. 

Resistance  Box  or  Rheostat,  Crocker- 
Wheeler  Electric  Company's,  383. 

Reversing  Switch  of  Keystone  Electric 
Company's  Elevator  Motor,  434,  435, 
436. 

Rheostat  or  Resistance  Box,  382,  383. 

Rheostat,  Shimt-Field,  73. 

Rheostats,  Field,  of  Westinghouse  Electric 
and  Manufacturing  Company's  Multi- 
polar Generators,  86,  87. 

Ridgv^^ay  Dynamo  and  Engine  Company's 
Direct-Driven  Multipolar-G^nerator, 
214. 

Ring-Connected  Armature,  Diagram  of,  38. 

Ring-Connected  Westinghouse  Armatures, 
37,  38. 

Rotary  Transformers.  572. 

Rotating  Magnetic  Field,  526. 

Rotor,  237. 

Rotor  Armature  of  Stanley-Kelly  Com- 
pany's Two-Phase  Motors,  560. 

Rotor  Field  Magnet  Core  of  Royal  Electric 
Company's  Alternator,  240. 

Royal  Electric  Company's  Alternating- 
Current  Dynamos,  Tabular  Dimensions 
of,  24*0. 

Royal  Electric  Company's  Bipolar  Motor, 
425,  428. 

Royal  Electric  Company's  Direct-Current 
Motors,  Tabular  Data  of,  427. 

Royal  Electric  Company  s  Single-Phase  Al- 
ternator, 237,  238. 
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Royal  Electric  Company's  Transformers, 
359,  865. 

S. 

Secondary  Coil  of  Alternating-Current 
Transformer,  319. 

SccondaiT  Generator,  Definition  of,  572. 

Self-Coolmg,  15,000- Volt  Transformer,  West- 
inghouse  Electric  and  Manufacturing 
Company's,  335. 

Series  Arc-Light  Circuit,  Diagram  of,  158. 

Series-Parallel  Controller,  General  Electric 
Company's  Form  "  K,"  497,  498. 

Series-Winding,  71. 

Series- Wound  Dynamo-Electric  Machine, 
71. 

Series- Wound  Motors,  509. 

Sextipolar  Dynamo,  45. 

Sextipolar  Generators  of  Triumph  Electric 
Company,  53. 

Shunt-Field  Rheostat,  78. 

Shunt  Motors,  881. 

Shunt-Winding,  71. 

Shunt- Wound  Dynamo-Electric  Machine, 
71. 

Shunt- Wound  Motor,  Diagram  of  Connec- 
tions of,  881. 

Siemens-Halske  Electric  Company's  Belt- 
Driven,  Bipolar  Generators,  102,  107. 

Siemens-Halske  Electric  Company's  Belt- 
Driven  Multipolar  Generators,  102,  105. 

Siemens-Halske  Electric  Company's  Direct- 
Connected  Railway  Generator,  121, 128. 

Siemens-Halske  Direct-Driven  Dynamo, 
Longitudinal  Section  of,  31,  32. 

Siemens-Halske  Direct-Driven,  Multipolar 
Dynamo  for  Isolated  Service,  27,  28. 

Siemens-Halske  Dynamo,  Cross-Section  of 
Armature  and  Internal  Field  Frame  of, 
28. 

Single-Phase  Alternating-Current  Gener- 
ators, 215. 

Single-Phase  Alternator,  Royal  Electric 
Company's,  237,  238. 

Single-Phase  Alternator,  Westinghouse 
Electric  and  Manufacturing  Company's, 
216,  217. 

Single-Phase  Alternators,  General  Electric 
Company's,  238,  234. 

Single-Phase  Motoi-s,  509. 

Single-Reduction  Motors,  473. 

Slip  of  Asynchronous  Multiphase  Motors, 
523. 

Small  Generators,  Use  of  Gas  or  Oil  En- 
gines for,  74. 

Small  Motor  Controlling-Panel,  General 
Electric  Company's,  440,  443. 

Split-Phase  Type  of  Multiphase  Motors,  509, 
510. 

Sprague-Pratt  Electric  Elevator,  448,  449. 

Sprague-Pratt  Electric  Elevator,  Diagram  of 


Connections     and    General    Arrange- 
ments of,  451. 

Sprague-Pratt  Electric  S<;rew  Elevator 
Switchboard,  450, 452. 

Sprague-Pratt  Elevator  Hoist,  Longitudinal 
Section  of  Nut  of,  449. 

Sprague-Pratt  Elevator  Hoisting  Machine, 
447  to  452. 

Standard  Railway  Switchboard,  General 
Electric  Company's,  148,  147. 

Stanley  Electric  Mfg.  Company  s  Alternat- 
ing-Current Transformer,  819. 

Stanley  Electric  Mfg.  Company's  Belt- 
Driven  Diphase  Generators,  808,  305. 

Stanley  Electric  Mfg.  Company's  Direct- 
Driven  Diphase  Generator,  295,  297, 
298. 

Stanley  Electric  Mfg.  Company's  Fuse^ 
Blocks,  Recent  Types  of,  823. 

Stanley  Electric  Mfg.  Company's  High- 
Voltage  Alternating-Current  Trans- 
former, 322,  825. 

Stanley  Electric  Mfg.  Company's  125-K.  W. 
Alternating-Current  Transformer,  821. 

Stanley  Electric  Mfg.  Company's  125-Light 
Alternating-Current  Transformer,  320. 

Stanley  Electric  Mfg.  Company's  Trans- 
former Fuse-Block,  821. 

Stanley  Electric  Mfg.  Company's  Two- 
Phase  Generators,  Tabular  Dimensions 
of,  298. 

Stanley  Electric  Mfg.  Two-Phase  Induc- 
tion Motors,  558,  554,  555,  559,  560. 

Stanley-Electric  Mfg.  Company's  Two- 
Phase  Motors,  Connections  of,  561. 

Stanley-Electric  Mfg.  Company's  Two- 
Phase  Motors,  Rotor  Armature  of,  560. 

Stanley-Electric  Mfg.  Company's  Two- 
Phase  Motors,  Tabular  Data  of,  562, 
563. 

Starting  and  Automatically  Releasing  Rheo- 
stat, Westinghouse  Electric  and  Manu- 
facturing Company's,  445,  447. 

Starting  and  Reversing  Connections  of 
Westinghouse  Electric  and  Manufact- 
uring Company's  Two-Phase  Induction 
Motor,  Type  •*C,"532. 

Starting  Connections  of  Westinghouse  Elec- 
tric and  Manufacturing  Company 'a 
Motors,  529  to  531. 

Starting  Resistance  for  Motor,  382. 

Starting  Resistance  for  Walker  Company's 
Street-Car  Motors,  474. 

Starting  Rheostats,  Crocker-Wheeler  Elec- 
j         trie  Company's,  384. 

Station,  Negative  Bus-Bar  of,  135. 

Station,  Neutral  Bus-Bar  of,  135. 
'  Station,  Positive  Bus-Bar  of,  185. 
,  Stator,  237. 

Stator  Armature  of  Royal  Electric  Com* 

I         pany's  Alternator,  289. 

.  Step-Down  Transformer,  298. 
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Step-Up  Transformer,  293. 

Storey  Motor  and  Tool  Company's  Motor, 
412,  415,  417. 

Storey  Motor  and  Tool  Ck)mpany*8  Motors, 
Enclosed  Type  of,  421. 

Storey  Motor  and  Tool  Company's  Motors, 
Table  of  Dimensions  of,  419,  420. 

Storey  Motor  and  Tool  Company's  Quad- 
npolar  Motor,  423. 

Storey  Motor  and  Tool  Company's  Series- 
Wound  Multipolar  Motors  Table  of  Di- 
mensions of,  425. 

Storey  Motor  and  Tool  Company's  Shunt- 
Wound  Multipolar  Motors,  Tabular  Di- 
mensions of,  425. 

Street-Car  Controller,  485. 

Street-Car  Controller,  Walker  Company's. 
477. 

Street-Car  Motor,  Walker  Company's 
"Short"  Type,  466,  467,  469. 

Street  Railway  Motors,  Westinghouse  Elec- 
tric and  Manufacturing  Company's, 
498  to  508. 

Sub-Station  100-K.  W.  Air-Blast  Trans- 
former, General  Electric  Company's, 
353,  354. 

Switch,  Reducing,  161. 

Switchboard,  Arc-Light,  188. 

Switchboard  for  Continuous-Current  West- 
inghouse Electric  and  Manufacturing 
Company's  Generator,  111. 

Switchboard  for  Diphase  Generators,  West- 
inghouse Electric  and  Manufacturing 
Company's,  262,  263. 

Switchboard  for  Incandescent  Lighting 
Plant,  Western  Electric  Company's, 
153,  155. 

Switchboard  for  Isolated  Plant,  Westing- 
house  Electric  and  Manufacturing  Com- 
pany's, 114,  115. 

Switchboard  for  Westinghouse  Electric  and 
Manufacturing  Company's  Electrolytic 
Generators,  208,  209. 

Switchboard  of  Edison  Electric  Illuminating 
Company's  Central  Station  of  Boston, 
151,  152. 

Switchboard  of  Edison  Lighting  Central 
Station  of  San  Francisco,  152. 

Switchboard  of  Sprague-Pratt  Electric 
Screw  Elevator,  450,  452. 

Synchronous  Motors,  509. 

Synchronous  Multiphase  Motors,  623. 

System,  Monocyclic,  305. 


Table  for  Combined  Exhaust  Fan  and  **  Lim- 
dell "  Direct-Connected  Motors,  411. 

Table  of  Approximate  Dimensions  of  West- 
inghouse Electric  and  Manufacturing 
Company's  Railway  Generators,  118, 
119. 


Table  of  Approximate  Dimensions  of  West- 
inghouse Company's  260- Volt,  Direct- 
Driven  Generators,  36. 

Table  of  Current  Absorbed  by  General  El  yy- 
tric  Company's  Three-Phase  Induction 
Motors  at  110- Volts,  652. 

Table  of  Data  of  Ahlm-Edwards  Elect  nc: 
Company's  Motors,  426. 

Table  of  Data  of  Crocker-Wheeler  Electric 
Company's  Pumping  Outfits,  410. 

Table  of  Data  of  Electric  Hoists  Driven  by 
"  C  and  C"  Electric  Motor  Company's 
Motdirs,  390. 

Table  of  Data  of  Fort  Wayne  Electric  Cor- 
poration's Self-Startmg  Single-Phase 
Alternating-Current  Motors,  524. 

Table  of  Data  of  General  Electric  Company's 
Locomotives  for  Surface  Haulage,  488. 

Table  of  Data  of  General  Electric  Company's 
Mining  Locomotives,  486. 

Table  of  Data  of  Interior  Conduit  and  In- 
sulation Company's  **  Lundell "  Direct- 
Connected  Generators  Sets,  66. 

Table  of  Data  of  *'  Lundell"  Direct-Driven 
Dynamos  and  Motors,  66. 

Table  of  Data  of  Royal  Electric  Company's 
Direct-Current  Motors,  427. 

Table  of  Data  of  Stanley-Kelly  Company's 
Two-Phase  Motors,  562,  663. 

Table  of  Data  of  Walker  Company's  Direct- 
Driven  Dynamos,  27. 

Table  of  Data  of  Western  Electric  Com- 
pany's Direct-Driven  Dynamos,  22. 

Table  of  Dimensions  of  **  Brush  "  Arc-Light- 
ing Generators,  201. 

Table  of  Dimensions  of  Bullock  Electric 
Commny's  Slow-Speed  Motors,  454. 

Table  of  Dimensions  of  **  C  and  C"  Electric 
Motor  Company's  Standard  Motors,  389. 

Tabje  of  Dimensions  of  Crocker-Wlieeler 
Electric  Company's  Sta,ndard  Motor, 
400. 

Table  of  Dimensions  of  Diamond  Electric 
Company's  Transformers,  364. 

Table  of  Dimensions  of  Excelsior  Electric 
Company's  Belt-Driven  Arc-Light  Gen- 
erators, 176,  177. 

Table  of  Dimensions  of  Excelsior  Electric 
Company's  Direct-Connected  Gener- 
ators, 70. 

Table  of  Dimensions  of  Excelsior  Electric 
Company's  Slow-Sp)eed  Belt-Driven 
Generators,  93,  94. 

Table  of  Dimensions  of  Fort  Wajme  Electric 
Corporation's  **Wood"  Transformers, 
360. 

Table  of  Dimensions  of  General  Electric 
Company's  Alternating-Current  Gen- 
erators, 285. 

Table  of  Dimensions  of  Greneral  Electric 
Company's  Belt-Driven  Multiphasers, 
290,  291. 
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Table  of  Dimeiudons  of  General  Electric 
Company V  Belt-Driven  Railway  Gen- 
erators. 141,  142. 

Table  of  Dimenmons  of  General  Electric 
Company *ift  Direct-Coupled  Generators, 
52. 

Table  of  Dimensions  of  General  Electric 
(>>rapany *8  Direct- Driven  Railway  Gen- 
erators, 132,  133. 

Table  of  Dimensions  of  General  Electric 
Oiropany*s  Exciters  for  Alternators, 
236. 

Table  of  Dimensions  of  General*  Electric 
Company's  Moderate-Speed  Belt-Driven 
Generator,  80. 

Table  of  Dimensions  of  General  Electric 
Company's  Slow-Speed  Belt-Driven 
Generators,  80. 

Table  of  Dimensions  of  General  Electric 
0>mpany's  Triphase  Induction  Motors, 
541  to  5A. 

Table  of  Dimensions  of  General  Electric 
Company's  Type  **F''  Transformers, 
841. 

Table  of  Dimensions  of  General  Electric 
Company's  Type  **H"  Transformers, 
;^56. 

Table  of  Dimensions  of  Multipolar  Slow- 
Speed  Motors,  Western  Electric  Com- 
panv's,  388. 

Table  of  Dimensions  of  Royal  Electric  Com- 
pany's Alternating-Current  Dynamos, 

Table  of  Dimensions  of  Stanley-Kelly  Com- 
pany's Two-Phase  Generators,  298. 

Table  of  Dimensions  of  Storey  Motor  and 
Tool  Company's  Motors,  419,  420. 

Table  of  Dimensions  of  Storey  Motor  and 
Tool  Company's  Series-Wound  Multi- 
polar Motors,  425. 

Table  of  Dimensions  of  Storey  Motor  and 
Tool  Company's  Shunt- Wound  Multi- 
polar Motors,  425. 

Table  of  Dimensions  of  Thomson-Houston 
Arc-Li^htinjj  Generators,  187. 

Table  of  Dimensions  of  Walker  Company's 
•*  Short"  Quadripolar  Belt-Driven  Gen- 
erators, 98,  99. 

Table  of  Dimensions  of  Walker  Company's 
"  Short "  Type  Railway  Generators,  129. 

Table  of  Dimensions  of  Wagner  Electric 
Manufacturing  Company's  Standard 
Type  •*  B"  Transformers,  874. 

Table  of  Dimensions  of  Wagner  Electric 
Manufacturing  Company's  Standard 
Type  *'C"  Transformers, '378. 

Table  of  Dimensions  of  Wagner  Electric 
Manufacturing  Company's  Standard 
Type  *'  D  "  Transformers,  877. 

Table  of  Dimensions  of  Western  Electric 
(>onipany'8  Arc-Light  Dynamos,  164. 

Table  of  Dimensions  of  Western  Electric 


Company*s     Slow-Speed     BeU-Driven, 
Moltipoiar  Generators,  102. 
Table  of  Dimensions  of  Westinghoose  Elec- 
tric   and    3lanufacturing    Company's 
Arc-Light  Generators,  182. 
Table  of  Dimensions  of  Westinghoose  Elec- 
tric   and    Manufacturing    C(Mnpany*s 
I         Polyphase  Generators,  253. 
.  Table  of  Dimensions  of  Westinghoose  Elec- 
I         trie    and    Manufacturing    Company's 

Quadripolar  Crenerators,  ^. 
,  Table  of  Dimensions  of  Westinghoose  Elec- 
tric   and    Manufacturing    Company's 
I         Self -Cooling  Transformers,  330. 
Table  of  Dimensions  of  Westinghoose  Elec- 
I         trie    and    Manufacturing    Company's 
I         Single-Phase  Alternators,  223,  224. 
Table  of  Dimensions  of  Wood  Belt-Driven 

Arc-Li^ht  Generators,  160. 
Table  of  Dimensions  of  Wood  Continuous- 
Current    Direct-Connected    Multipolar 
Generators,  85. 
!  Table  of  Dimensions  of  **  Wood  "  High-Fre- 
'         quency  Alternator,  229. 
'  Table  of  Dimensions  of  **  Wood  "  Low-Fre- 
I         queue V  Alternators,  233. 
Table  of  fffficiencies  of  Westinghouse  Elec- 
I         trie    and    Manufacturing    Company *s 
I         Transformers,  831. 
1  Table  of  General  Dimensions  of  General  Elec- 
tric Company's  Form  **  H  "  Moderate- 
and  Slow-Speed  Motors,  439. 
Table  of  General  Electric  Company's  Multi- 
polar, Direct-Driven,  Lighting  Genera- 
tors, 48. 
Table  of  Percentage  Efficiency  of  General 
Electric  Company's  Type  **F"  Trans- 
former, 339. 
Table  of  Shipping  Weights  and  Dimensions 
of  Crocker- Wheeler  Electric  Company's 
Standard  Motors,  401. 
Table  of  Sizes  and  Capacities  of  General 
Electric  Company's  "Terrapin-Back" 
Electric  Mining  Locomotives,  478. 
Table  of  Standard  Sizes  and  Approximate 
Dimensions  of  **  Westinghouse  "  Engine 
Type  Generators,  43. 
Table  of  Standard  Sizes  of  Walker  Com- 
pany's Railway  Motors,  474. 
Teaser  Coil,  805. 

Telegraph  Dynamo,  Crocker-Wheeler  Elec- 
tric Company's,  208,  211. 
Ten-Thousand  Volt  Transformer,  Westing- 
house Electric  and  Manufacturing  Com- 
pany's, 829. 
Tesla  Type  "  B  "  Motor,  Westinghouse  Elec- 
tric and    Manufactiuring    Company's, 
533. 
Thompson-Ryan  Belt-Driven  Generator,  211 

to  214. 
Thomson-Houston    Arc-Lighting    Genera- 
tors,  Tabular  Dimensions  of,  187. 
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Thomson-Houston  Arc-Light  Installation, 
General  Connections  of,  186. 

Thomson-Houston  (Generator,  Wall  Con- 
troller of,  184. 

Thomson-Houston  Ring- Armature  for  Arc 
Dynamos,  Connections  of,  186. 

Three- Bearing  Generators,  88. 

Three-Phase  Distribution-System,  Diagram 
of,  292. 

Transformer,  All-Day  EflSciency  of,  857. 

Transformer,  Eddy-Current,  Loss  in,  355. 

Transformer  Fuse-Block,  Stanley-Kelly 
Company's,  321. 

Transformer,  Hysteretic  Loss  in,  356,  357. 

Transformer,  Step-Down,  293. 

Transformer,  Step-Up,  293. 

Transformer  Sub-Station,  293. 

Transformers,  216. 

Transformers,  Air-Cooled,  322. 

Transformers,  **  Boston,"  375. 

Transformers,  Diamond  Electric  Com- 
pany's, 363,  365. 

Transformers  for  Incandescent  Lighting, 
Westinghouse  Electric  and  Manufactur- 
ing Company's,  323,  324. 

Transformers,  Lakon  Company's,  364. 

Transformers,  Oil-Cooled,  322. 

Transformers,  **  Packard,"  375. 

Tranformers,  Rotary,  572. 

Transformers,  Royal  Electric  Company's, 
358,  365. 

Transformers,  Wagner  Electric  Manufactur- 
ing Company's,  364,  365,  370,  371. 

Triphase  Alternator,  246. 

Triphase  8-Pole,  10-H.  P.  Induction  Motor, 
General  Electric  Company's,  539. 

Triphase  Induction  Generator,  Westing- 
house  Electric  and  Manufacturing  Com- 
pany's, 261,  262. 

Triphase  Induction  Motor,  General  Electric 
Company's,  537,  538. 

Triphase  Synchronous  Motors,  General  Elec- 
tric Company's,  523,  525. 

Triphase  System,  Diagram  of,  246. 

Triphaser,  246. 

Triumph  Electric  Company's  Belt-Driven 
Generator,  93  and  97. 

Triumph  Electric  Company's  Sextipole  Gen- 
erators, 53. 

Truck  for  General  Electric  Company's  Elec- 
tric Locomotive  for  Baltimore  and  Ohio 
Railroad  Installation,  491. 

Two-Bearing  Generators,  88. 

Two-Phase,  5,000-H.  P.  Generator  for 
Niagara  Falls,  Westinghouse  Electric 
and  Manufacturing  Company's,  264, 
265. 

Two-Phase  Induction  Motor,  Field  of  Stan- 
ley-Kelly Company's,  559,  560. 

Two-Phase  Induction  Motor,  Type  **C," 
Westinghouse  Electric  and  Manufactur- 
ing Company's,  536,  537. 


Two-Phase  Induction  Motors,  Stanley-Kelly 
Company's,  553,  554,  555,  559. 

Two-Phase  Rotary  Transformer,  Westing- 
house Electric  and  Manufacturing  Com- 
pany's, 489  to  492. 

Two-Phase  System,  Diagram  of,  247. 

Two-Thousand  Horse-Power  Dynamo  of 
World's  Colmnbian  Fair  of  1893,  15. 

Type  *'F"  Transformers,  General  Electric 
Company's,  338  to  342. 

Type  *•  H  "  Traiisformers,  General  Electric 
Company's,  342,  344,  845,  347,  348. 

U. 

Uniphase  Alternating-Current  Gtenerators, 

215. 
Uniphase  Alternator  of  Walker  Company, 

242,  243. 
Uniphase  Motors,  509. 
Uniphaser,  215. 
Uniphaser,    Westinghouse     Electric    and 

Manufacturing  Company's,  Diagram  of 

Connections  of,  218. 

W. 

Wagner  Electric  Manufacturing  Company's 
Air-Cooled  Transformers.  373. 

Wagner  Electric  Manufacturing  Com- 
pany's 500-Light  Transformer,  371. 

Wagner  Electric  Manufacturing  Company's 
Standard  Type  **B"  Transformers, 
Tabular  Dimensions  of  ,374. 

Wagner  Electric  Manufacturing  Company's 
Standard  Type  **C"  Transformer, 
Tabular  Dimensions  of,  373. 

Wagner  Electric  Manufacturing  Company's 
Type  "D"  Transformers,  Tabular 
Dimensions  of,  377. 

Wagner  Electric  Manufacturing  Company's 
Transformers.  364,  365,  369,  370,  371. 

Wagner  Electric  Manufacturing  Company's 
water-Jacketed  Transformer,  370. 

Walker  Company's  Direct-Driven  Dyna- 
mos, Dimensions  of.  26,  27. 

Walker  Company's  Railway  Motor,  485. 

Walker  Company's  Railway  Motors,  Stand- 
ard Sizes  of,  474. 

Walker  Company's  "Short"  Direct-Con- 
nected Dynamo  for  Isolated  Lighting, 
21  to  23. 

Walker  Company's  **  Short "  Form  of  Brush- 
Holder,  25. 

Walker  Coinpany's  "Short"  Type  of  Belt- 
Driven  Generator,  96,  97. 

Walker  Company's  "  Short "  Type  of  Direct- 
Connected  Railway  Generator,  121,  122, 
125. 

Walker  Company's  "  Short "  Type,  Quadri- 

g)lar,  Belt-Driven  Generators,  Tabular 
imensions  of,  98,  99. 
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Walker  Company's  *'  Short "  Type  Railway 
Generators,  Tabular  Dimensions  of, 
129. 

Walker  Company's  "Short"  Type  Street- 
Car  Motor,  466,  467,  469. 

Walker  Company's  ** Short"  Type  Street- 
Car  Motor,  Armature  Coib  of,  472,  473. 

Walker  Company's  "Short"  Type  Street- 
Car  Motor,  Armature  Winding  for, 
473. 

Walker  Company's  **  Short "  Type  200-H.  P. 
Electric  Railway  Motors,  475. 

Walker  Company's  Starting  Resistance  for 
Street-Car  Motors,  474. 

Walker  Company's  Street-Car  Controller, 
477. 

Walker  Company's  Street-Car  Controller, 
485. 

Walker  Company's  Street-Car  Motor, 
Method  of  Mounting,  470,  471.  ' 

Walker  Company's  Uniphase  Alternator, 
242,248. 

Wall  Controller  of  Thomson-Houston  Gen- 
erator, 184. 

Warren  Electric  Manufacturing  Company's 
75-K.  W.  Alternators,  241,  242. 

Water-Cooled,  720-K.  W.  Transformer, 
Westinghouse  Electric  and  Manufact- 
uring Company's,  334. 

Watt-Meter,  Integrating,  "  Shallenberger," 
Westinghouse  Electric  and  Manufactur- 
ing Company's,  513  to  515. 

Westinghouse  Electric  and  Manufacturing 
Company's  Air-Cooled  Transformers 
for  In-door  Installation,  332. 

Westinghouse  Electric  and  Manufacturing 
Company's  Alternating-Current  Fan- 
Motor,  518,  519. 

Westinghouse  Electric  and  Manufacturing 
Company's  Arc-Light  Generator,  Arma- 
ture Connections  of,  179,  180. 

Westinghouse  Electric  and  Manufacturing 
Company's  Arc-Light  Generators, 
Tabular  Dimensions  of,  182. 

Westinghouse  Electric  and  Manufacturing 
Company's  Arc-Lighting  Transformers, 
336,  337. 

Westinghouse  Armature  Core  for  Direct- 
Driven  Dynamo,  33,  34. 

Westinghouse*  Armatures,  Ring  Connection 
of,  37,  38. 

Westinghouse  Electric  and  Manufacturing 
Company's  Asynchronous  Induction 
Motors,  525  to  528. 

Westinghouse  Electric  and  Manufacturing 
Company's  Automatic  Circuit-Breaker, 
150,  151. 

Westinghouse  Electric  and  Manufacturing 
Company's  Auto-Starter,  531. 

Westinghouse  Electric  and  Manufacturing 
Company's  Auto-Starter,  Connections 
of,  535. 


Westinghouse  Electric  and  Manufacturing 

Company's  Auto-Transformer,  581. 
Westinghouse  Electric  and  Manufacturing 

Company's      Belt-Driyen      Arc-Light 

Generators,  179,  180. 
Westinghouse  Electric  and  Manufacturing 

Company's  Belt-Driyen  Generators,  82, 

86. 
Westinghouse  Electric  and  Manufacturing 

Company's      Belt-Driyen      Multipolar 

Generators,  92. 
Westinghouse  Electric  and  Manufacturing 

Company's     Belt-Driyen,     Two-Phase 

Generator,  267. 
Westinghouse  Electric  and  Manufacturing 

Company's     Belt-Driven,     Two-Phase 

Generator,   Composite    Type,    of,  247, 

248. 
Westinghouse  Electric  and  Manufacturing 

Company's     Direct-Driven,      250-Volt 

Generator,  Dimensions  of,. 84,  35,  86. 
Westinghouse  Electric  and  Manufacturing 

Company's  Direct-Connected   Railway 

Generator,  117  to  120. 
Westinghouse  Electric  and  Manufacturing 

Company's      Direct-Connected,      1200- 

K.  W.    Two-Phase  Generators,  at  St. 

Louis,  Missouri,  272  to  279. 
Westinghouse  Electric  and  Manufacturing 

Company's  Completed  Armature,  Dia- 
gram of  Connections  of,  604  to  506. 
Westinghouse  Electric  and  Manufacturing 

Company's      Direct-Driven     Dynamo, 

Completed  Armature  of,  84. 
Westinghouse  Electric  and  Manufacturing 

Company's    Diphase   Motors,  Diagram 

of  Starting  Connections  of,  529. 
Westinghouse  Electric  and  Manufacturing 

Company's  Direct-Driven  Dynamo  for 

Isolated  Lighting,  31,  82. 
Westinghouse  Electric  and  Manufacturing 

Company's     Electrolytic     Genei-ators, 

205,  207. 
Westinghouse  Electric  and  Manufacturing 

Company's     Electrolytic    Generators, 

]VIain  Conductors  for,  207. 
Westinghouse  Electric  and  Manufacturing 

Company's    Engine    Type    Generator, 

Approximate  Dimensions  of,  43. 
Westinghouse  Electric  and  Manufacturing 

Company's    15,000-Volt,      Self-Cooling 

Transformer,  335. 
Westinghouse  Electric  and  Manufacturing 

Company !s    50-H.   P.    Railway    Motor, 

506,  507. 
Westinghouse  Electric  and   Manufacturing 

Company's  5,000-H.  P.  Generator,  Ni- 
agara Falls  Installation,  270,  271. 
Westinghouse  Electric  and  Manufacturing 

Company's    Generators,     Diagram    of 

Rheostat  Connections  for,  88. 
Westinghouse  Electric  and  Manufacturing 
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Company's  Isolated-Plant  Switchboard, 
114,  115. 

Westinghouse  Company's  **  Kodak  "  Direct- 
Connected  Generator,  44,  46. 

Westinghouse  Electric  and  Manufacturing 
Company's  Lighting  Transformers,  328, 
324. 

Westinghouse  Electric  and  Manufacturing 
Company's  Motor  Armature,  501,  502. 

Westinghouse  Electric  and  Manufacturing 
Company's  Niagara  Falls  Generator, 
Horizontal  Section  of,  269. 

Westinghouse  Electric  and  Manufacturing 
Company's  Niagara  Falls  Generator, 
Vertical  Section  of,  268. 

Westinghouse  Electric  and  Manufacturing 
Company's  150-K.  W.  Transformer, 
Case  for,  328. 

Westinghouse  Electric  and  Manufacturing, 
Company's  120-Kilowatt,  125- Volt,  Di- 
rect-Current Engine  Type  Generator, 
39,40. 

Westinghouse  Electric  and  Manufacturing 
Company's  100-H.  P.  Railway  Motor, 
507,  508. 

Westinghouse  Electric  and  Manufacturing 
Company's  Polyphase  Generators,  Tab- 
ular Dimensions  of,  252,  253. 

Westinghouse  Electric  and  Manufacturing 
Company's  Polyphase  Induction  Mo- 
tors, 525  to  529. 

Westinghouse  Electric  and  Manufacturing 
Company's  Polyphase  Motor,  Type  **  C,** 
526,  527. 

Westinghouse  Electric  and  Manufacturing 
Company's  Quadripolar  Gtenerators, 
Table  of*  Dimensions  of,  89. 

Westinghouse  Electric  and  Manufacturing 
Company's  Railway  Generator,  Ap- 
proximate Dimensions  of,  118,  119. 

Westinghouse  Electric  and  Manufacturing 
Company's  Self -Cooling  Transformers, 
Tabular  Dimensions  of,  330. 

Westinghouse  Electric  and  Manufacturing 
Company's  720-K.  W.  Water-Cooled 
Transformer,  334. 

Westinghouse  Electric  and  Manufacturing 
Company's  75-K.  W.  Oil-Cooled  Trans- 
former, 326,  327. 

Westinghouse  Electric  and  Manufacturing 
Company's  '  *  Shallenberger  "  Integrat- 
ing Watt-Meter,  513  to  515. 

Westinghouse  Electric  and  Manufacturing 
Company's  *'  Shallenberger  "  Meter,  510, 
511,  513. 

Westinghouse  Electric  and  Manufacturing 
Company's  Single-Phase  Alternator, 
216,  217. 

Westinghouse  Electric  and  Manufacturing 
Company's  Single-Phase  Alternator, 
Field  of,  220. 

Westinghouse  Electric  and  Manufacturing 


Company's  Single-Phase  Alternators, 
Tabular  Dunensions  of,  223,  224. 

Westinghouse  Electric  and  Manufacturing 
Company's  Standard  Engine  Type  of 
Generator,  42,  48. 

Westinghouse  Electric  and  Manufacturing 
Company's  Starting  and  Automatically 
Releasing  Rheostat,  445,  447. 

Westinghouse  Electric  and  Manufacturing 
Company's  **Stillwell"  Regulator,  567, 
568. 

Westinghouse  Electric  and  Manufacturing 
Company's  **  Still  well "  Regulator,  Con- 
nections of,  571. 

Westinghouse  Electric  and  Manufacturing 
Company's  Street  Railway  Motors,  498 
to  508. 

Westinghouse  Electric  and  Manufacturing 
Company's  Switchboard  for  Continuous- 
Current  Generator,  111. 

Westinghouse  Electric  and  Manufacturing 
Company's  Switchboard  for  Diphase 
Generators,  262,  263. 

Westinghouse  Electric  and  Manufacturing 
Company's  Switchboard  for  Electro- 
lytic Generators,  208,  209. 

Westinghouse  Electric  and  Manufacturing 
Company's  10,000- Volt  Transformer, 
329. 

Westinghouse  Electric  and  Manufacturing 
Company's  "Tesla"  Type  **B"  Motor, 
533. 

Westinghouse  Electric  and  Manufacturing 
Company's  Three-Phase  Generators, 
Diagram  of  Connections  of,  280. 

Westinghouse  Electric  and  Manufacturing 
Company's  30-H.  P.  Armature,  Diagram 
of,  503. 

Westinghouse  Electric  and  Manufacturing 
Company's  35-H.  P.  Railway  Motor, 
506. 

Westinghouse  Electric  and  Manufacturing 
Company's  Transformer  Fuse- Blocks, 
338. 

Westinghouse  Electric  and  Manufacturing 
Company's  Transformers,  Table  of  Ef- 
ficiencies of,  331. 

Westinghouse  Electric  and  Manufacturing 
Company's  Triphase  Induction  Gener- 
ator, 261,  262. 

Westinghouse  Electric  and  Manufacturing 
Company's  12 A  Motor,  500,  501. 

Westinghouse  Electric  and  Manufacturing 
Company's  20-H.  P.  Continuous-Current 
Motor,  444,  445. 

Westinghouse  Electric  and  Manufacturing 
Company's  Two-Phase  5,000-H.  P.  Gen- 
erator for  Niagara  Falls,  264,  265. 

Westinghouse  Electric  and  Manufacturing 
Company's  Two-Phase  Generator,  Dia- 
gram of  Circuits  of,  254. 

Westinghouse  Electric  and  Manufacturing 
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Company's  Two-Phase  Induction  Motor, 
T5rpe**C,'*536,  537. 

Westinghouse  Electric  and  Manufacturing 
Company's,  Type  **C"  Two-Phase  In- 
ductionMotor,  Starting  and  Reversing 
Connections  of,  532.  " 

Westinghouse  Electric  and  Manufacturing 
Company's  Two-Phase  Generator,  Dia- 
gram of  Connections  of,  251. 

Westinghouse  Electric  and  Manufacturing 
Company's  Two-Phase  Generator,  Field 

Westinghouse  Electric  and  Manufacturing 
Company's  Two-Phase  Niagara  Falls 
Generator,  Field  Ring  of,  267. 

Westinghouse  Electric  and  Manufacturing 
Company's  Two-Phase  Rotary  Trans- 
former, 489  to  492. 

Westinghouse  Electric  and  Manufacturing 
Company's  Uniphasers,  Diagram  of 
Connections  of,  218. 

Western  Electric  Company's  Arc-Light 
Dynamos,  Tabular  Dimensions  of,  164. 

Western  Electric  Company's  Arc-Light 
Generator,  Armature  Core  of,  160. 

Western  Electric  Company's  Arc-Light  Gen- 
erator, Completed  Armature  of,  161. 

Western  Electric  Company's  Bipolar  Motor, 
378,  379. 

Western  Electric  Company's  Direct-Driven 
Arc-Light  Dynamo,  165,  166. 

Western  Electric  Company's  Belt-Driven, 
Arc-Light  Generator,  158,  159. 

Western  Electric  Company's  Belt-Driven, 
Multipolar  Generators,  100,  101. 

Western  Electric  Direct-Driven  Dynamos 
for  Isolated  Plant  Service,  19,  20. 

Western  Electric  Company's  Multipolar 
Motor,  886,  387. 

Western  Electric  Company's  Multipolar 
Slow-Speed  Motors,  888. 


Western  Electric  Company's  Multipolar, 
Slow-Speed  Motors,  Tabular  Dimensions 
of,  388. 

Western  Electric  Company's  Slow-Speed, 
Belt-Driven,  Multipolar  Generators, 
Tabular  Dimensions  of,  102. 

Western  Electric  Company's  Switchboard 
for  Incandescent  Lighting  Plant,  158, 
155. 

Winding,  Series,  71. 

Winding,  Shunt,  71. 

Windings,  Distributed,  261. 

**  Wood^'  Belt-Driven  Arc-Light  Generators, 
166,  167. 

"Wood"  Belt-Driven,  Arc-Light  Gener- 
ators, Connections  of,  170, 171. 

**Wood"  Belt-Driven,  Arc-Light  Genera- 
tors. Tabular  Dimensions  of,  169. 

"  Wood"  Belt-Driven,  Multipolar  Generator, 
81,  82,  83. 

"Wood"  Compound- Wound  Alternator, 
Connections  for,  227. 

"Wood"  Continuous-Current  Multipolar 
Generators,  Table  of  Dimensions  of, 
85. 

**  Wood  "  Direct-Driven,  Arc-Light  Gener- 
ator, 170,  172. 

"  Wood  "  High-Frequency  Alternators,  Tab- 
ular Dimensions  of,  229. 

"Wood"  Low- Frequency  Alternator,  281, 
238. 

"  Wood  "  Low-Frequency  Alternators,  Tab- 
ular Dimensions  of,  238. 

"  Wood  "  3,000-Light  Compound-Wound  Al- 
ternator, 224,  225. 

"  Wood  "  Transformei-s,  Fort  Wayne  Elec- 
tric Corporation,  358.  859,  861. 

"Wood"  200-K.  W.  Alternator,  Connec- 
tions for,  230. 

World's  Columbian  Fair,  2,000-Hor8e-Power 
Dynamo  of,  1898, 15. 
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